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Preface 


As  part  of  the  U.S.  Army’s  ongoing  program  related  to  the  research  and  development  of  ted  water 
treatment  technologies,  the  U.S.  Army  Environmental  Center  (USAEC)  contracted  IT  Corporation 
to  prepare  concq)tual  designs  and  plans  for  pilot-scale  demonstrations  of  two  treatment  technologies; 
wet  air  oxidation  (WAO)  and  circulating  bed  combustion  (CBC).  The  project  objectives  also 
included  development  of  a  Test  Plan  and  Health  and  Safety  Plan  for  these  demonstrations,  and 
preparation  of  a  Project  Report.  This  Project  Report  is  intended  to  summarize  the  conceptual 
designs.  Test  Plan,  and  Health  and  Safety  Plan  and  to  serve  as  a  guide  for  activities  when  the  next 
phase  of  this  program  (Le.,  conducting  the  demonstrations)  is  implemented. 

Red  water  is  not  currently  generated  by  the  U.S.  Army  or  any  other  part  of  the  U.S.  Department  of 
Defense  nor  has  it  been  generated  in  the  recent  past.  An  accurate  and  complete  database  does  not 
exist  in  regard  to  the  ctemical  and  physical  nature  of  red  water.  Ehie  to  this  lack  of  waste 
characterization  data,  it  was  not  possible  to  complete  an  accurate  analysis  of  the  associated  testing 
and  treatment  requirements.  Additionally,  the  source  of  red  water  for  testing  and  the  location  where 
the  tests  will  be  conducted  (ie.,  the  host  fecility)  have  not  been  identified.  Therefore,  waste-  and  site- 
qjecific  concerns  and  requirements  cannot  be  accurately  or  completely  addressed  at  this  time.  As  a 
result,  this  phase  of  the  investigation  included  completion  of  plans  and  conceptual  designs. 
Completion  of  system  designs  and  finalization  of  test  and  safety  plans  must  be  completed  in  the  future 
prior  to  initiation  of  the  demonstration  program. 

This  Project  Report  outlines  the  current  project  status  and  identifies  the  steps  which  must  be 
completed  prior  to  conducting  the  demonstrations.  These  include:  selecting  a  host  facility,  obtaining 
ted  water  for  the  demonstrations,  characterizing  the  red  water,  preparing  final  process  and  equipment 
designs,  finalizing  Health  and  Safety  and  Test  Plans,  and  acquiring  the  test  equ^ment.  Because  of 
the  unique  and  largefy  undocumented  nature  of  red  watw,  otice  a  source  has  been  identified,  a  critical 
initial  objective  win  be  characterization  of  the  physical  and  chemical  nature  of  the  waste  and  a  review 
of  the  associated  treatment  requirements. 
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1.0  Introduction 


The  red  water  inciiiCTation  conceptual  design  project  was  awarded  to  IT  Corporation  (IT)  by 
the  U.S.  Army  Environmental  Center  (USAEC),  located  in  Aberdeen  Proving  Ground, 
Maryland.  This  project  was  awarded  to  IT’s  Cinciimati  office  and  the  design  documents  were 
prepared  by  IT’s  Knoxville  office. 

Red  water  is  the  aqueous  effluent  generated  during  sellite  purification  of  crude  trinitrotoluene 
(TNT).  Red  water  is  a  reactive  hazardous  waste,  U.S.  Environmental  Protection  Agency 
(EPA)  Hazardous  Waste  number  K047.  In  a  previous  project,  30  technologies  were  evaluated 
for  their  effectiveness  in  treating  red  water.  That  project  determined  that  wet  air  oxidation 
(WAO)  and  circulating  bed  combustors  (CBC)  merited  further  study.  This  document  presents 
the  conceptual  design  and  the  layout  of  a  pilot  CBC,  along  with  a  test  plan  and  a  safety  plan. 

This  CBC  conceptual  design  is  prepared  as  part  of  a  task  entitled  "Red  Water  Treatment 
Technology  Test  Plan  and  Site  Preparation"  for  the  USAEC.  The  objectives  of  the  task  are  to 
prepare  test  and  safe^  plans,  determine  the  best  conceptual  designs,  and  prepare  layouts  for 
pilot-scale  CBC  and  WAO  treatment  systems.  Because  of  the  uncertainty  of  the  pilot-scale 
demonstration  location,  the  units  are  designed  to  be  transportable.  The  conceptual  design 
develops  the  CBC  design  to  approximately  the  10  percent  stage;  further  process  engineering 
and  detailed  design  engineoing  are  necessary  prior  to  construction  of  the  pilot-scale  units. 

The  purposes  of  this  document  are  to: 

•  Provide  CBC  process  information  in  support  of  other  project  documents  (e.g., 
Test  PIm,  Hedth  and  Safety  Plan,  and  Inject  Report 

•  Provide  a  conceptual-level  design  and  cost  estimate  for  a  pilot-scale  CBC  unit. 

•  Identify  areas  that  should  be  investigated  during  subsequent  design  and  pilot- 
scale  testing  activities. 

As  previously  indicated,  other  documents  prepared  for  this  task  include  a  Test  Plan,  Health 
and  Safety  Plan,  and  Project  Report;  these  documents  are  provided  under  separate  cover. 
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The  pUot  CBC  presented  herein  is  a  transportable  incineration  system  consisting  of  a 
combustion  chamber,  a  hot  cyclone,  a  loop-seal,  a  partial  quench,  a  baghouse,  an  induced 
draft  (I.D.)  fan,  and  the  stack.  The  CBC  operating  temperature  of  1600^  is  maintained  by 
adding  auxiliary  fuel  (natural  gas)  directly  to  the  combustion  chamber.  The  red  water  and  the 
bed  material  are  fed  directly  to  the  loop-seal.  Ash  and  bed  material  are  removed  from  the 
combustion  chamber  and  cooled  by  the  ash  cooler  conveyor.  The  design  basis  for  the  CBC, 
as  directed  by  USAEC,  is  a  thermal  treatment  capacity  of  1.5  gallons  per  minute  (gpm)  of  red 
water. 

This  document  contains  the  following  majcn-  chapters: 

•  1.0  Introduction  -  Brief  introduction  to  the  project  and  contents. 

•  2.0  Waste  Profile  -  Presents  a  description  of  red  water  including  the  assump¬ 
tions  made  about  the  waste  profile  during  the  design  of  the  CBC. 

•  3.0  Waste  Feed  Chemistry  and  Selection  of  Circulating  Media  - 

Describes  the  chemical  and  physical  considerations  that  were  studied  to  deter¬ 
mine  the  optimum  circulating  media. 

•  4.0  Block  now  Diagram  -  Presents  the  CBC  block  flow  diagram. 

•  5.0  Conceptual  Design  Basis  -  Presents  the  conceptual  design  basis  for  the 
red  water  incineration  pilot  plant. 

•  6.0  Process  Description  -  Presents  an  overview  of  the  combustion  system 
and  a  description  of  each  key  system  component. 

•  7.0  PFDs  and  P&IDs  Package  -  Presents  the  process  flow  diagrams  (PFD) 
and  the.piping  and  instrumentation  diagrams  (P&ID)  for  the  CBC. 

•  8.0  Equipment  List  -  Presents  a  list  of  the  key  pieces  of  equipment. 

•  9.0  Equipment  Specifications  -  Presents  the  specification  sheets  for  each 
key  CBC  component 

•  10.0  General  Arrangement  Drawings  -  Presents  the  general  arrangement 
plan  and  the  shipping  arrangement  for  the  CBC. 
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•  11.0  Electlicsl  One-Line  Drawings  -  Presents  the  electrical  one-line 
drawings  for  the  CBC. 

•  12.0  Mass  and  Energy  Balance  Outputs  -  Presents  the  results  of  mass  and 
energy  balances  conducted  for  the  normal,  start-up,  and  hot  idle  operating 
scenarios. 

•  13.0  Piiot  Plant  Cost  Estimate  -  Presents  the  estimated  cost  for  the  CBC 
pilot  plant. 

•  14.0  Recommended  Tests  and  Analyses  -  Presents  a  list  of  the  recom¬ 
mend  tests  and  analyses  to  be  conducted  during  the  pilot  test. 

•  15.0  Operations  and  Safety  Considerations  -  Fieseras  the  CBC  (ypera- 
dons  and  safety  considerations. 

•  16.0  Operations  Manual  -  Presents  a  draft  CBC  operations  manual. 

•  17.0  Performance  Test  Plan  -  Ihesents  a  draft  performance  test  plan  to  test 
CBC’s  ability  to  meet  regulatory  and  warranty  performance  requirements. 

•  18.0  Bench-Scale  Testing  -  Presents  the  test  plan  and  the  results  of  a  bench- 
scale  CBC  system  testing  for  agglomeration  tendencies  while  incinerating 
surrogate  red  water. 

•  19.0  HAZOP  Analysis  -  A  hazard  and  operability  study  was  performed  to 
assess  potential  failures  in  the  circulating  bed  combustor  and  recoinmend 
additional  safeguards  to  prevent  or  mitigate  the  consequences  of  these  failures. 
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2,0  Waste  Characterization 


Red  water  is  the  aqueous  effluent  generated  during  sellite  purification  of  crude  TNT.  Red 
water  has  a  deep  red,  or  sometimes  black  color,  and  is  a  complex  and  somewhat  variable 
mixture.  Dq)ending  on  the  TNT  production  process  and  degree  of  water  recycle  used,  red 
water  generally  contains  15  to  30  percent  solids,  has  a  pH  of  7  to  9.7  and  a  specific  gravity 
of  1.1.  Roughly  half  of  the  solids  are  inorganic  salts  and  the  rest  are  nitrobodies.  This 
information  was  gathered  firom  a  document  titled  "Review  of  Canadian  industries  limited’s 
Boloeil  facility  as  a  candidate  for  a  SRP  pilot  test"  (RAAP,  1988). 

The  CBC  pilot  plant  is  designed  to  process  a  maximtim  of  1.5  gpm  of  red  water  containing 
15  weight  percent  solids.  The  solids  have  a  heat  value  of  3,200  British  thermal  units  per 
potmd  (Btu/lb). 

The  red  water  can  contain  up  to  30  percent  of  solids.  Typically,  the  solid  content  in  the  red 
water  is  15  percent,  and  therefore,  a  solid  content  of  15  percent  was  selected  as  tire  basis. 
Even  if  the  solid  content  in  the  red  water  is  30  percent  occasionally,  there  may  be  concern 
regarding  agglomeration  tendencies.  The  agglomeration  of  solids  is  primarily  a  function  of 
temperature  and  not  the  concentration.  The  increase  in  solid  content  will  impact  the  bed 
material  feed  rate  and  ash  discharge  rate.  The  associated  equipmrat  is  designed  to  handle 
additional  ct^acities,  if  required. 

For  waste  characterization  purposes,  it  is  assumed  that  45  percent  of  the  solids  are  inorganic 
salts  and  the  rest  are  nitrobodies  (Table  2-1).  The  inorganic  components  are  primarily  sodium 
sulfites/sulfates  and  soditim  nitrites.  The  nitrobodies  are  primarily  sodium  sulfonate  of  2,4,5- 
TNT  and  TNT-seUite  complex  (Table  2-1).  The  information  contained  in  Tables  2-1  and  2-2 
are  gathered  fiom  the  reference  cited  in  the  first  paragraph  of  this  chapter. 

Table  2-2  presents  the  elemental  composition  of  the  red  water  used  in  the  mass  and  energy 
balance  (M&EB)  program.  The  overall  heating  value  for  the  red  water  is  487  Btu/lb,  which 
equates  to  a  tiiermal  release  of  0.4  MMBtu/hr. 
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3.0  Waste  Feed  Chemistry  and  Selection 
of  Circulating  Media 


3.1  Waste  Feed  Chemistry 

3.1.1  Introduction 

CBCs  are  noted  for  their  high  combustion  efficiency.  This  combustion  efficiency  is  due  to 
the  turbulence  of  the  combustion  gas  in  the  combustion  chamber,  the  abrasive  effect  of  the 
bed  material,  and  the  long  solids  residence  time  of  typically  more  than  20  minutes  (Brunner, 
1991).  Because  of  the  high  combustion  efficiency  of  CBCs,  they  typically  operate  at  1600®F, 
which  is  lower-than  the  operating  temperature  of  most  other  types  of  incinerators. 

One  of  the  problems  associated  with  the  operation  of  CBCs  is  the  formation  of  low  melting 
point  eutectic  mixtures  in  the  combustion  chambers.  These  mixtures  lead  to  the  agglo¬ 
meration  of  the  bed  into  large  agglomerates  of  crude  glass.  Agglomeration  is  caused  when 
eutectic  mixtures  are  formed  in  the  combustion  chamber  with  a  melting  point  lower  than  the 
CBC  operating  temperature.  When  this  happens,  die  CBC  has  to  be  shut  down  and  the 
operators  have  to  manually  remove  this  material  from  the  combustor,  therefore,  the  high 
melting  point  bed  material  is  desirable.  Additional  problems  include  oxides  of  nitrogen 
(NOjj)  and  sulfur  oxides  (SO^^)  emissions. 

3.1.2  Waste  Feed  Composition 

The  CBC  proposed  for  this  project  is  designed  to  bum  red  water.  As  indicated  in  Ch^ter 
2.0,  red  water  comprises  15  to  30  percent  solids,  which  contain  about  45  percent  inorganic 
salts.  Tables  2-1  and  2-2  present  the  composition  of  red  water. 

Sodium.  In  the  oxidative  environment  of  the  CBC,  the  sodium  in  the  sodium  chloride 
(NaCl)  present  in  the  red  water  solids  will  combine  with  oxidized  sulfur  to  form  Na2S04,  and 
with  carbon  dioxide  to  form  Na2C03.  Pure  Na2S04  has  a  melting  point  of  1623®F  and  pure 
Na2C03  has  a  melting  point  of  1569°F.  A  mixture  of  Na2S04  and  Na2C03  has  a  melting 
point  of  1522®F.  Additionally,  the  chlorine  in  the  red  water  may  lead  to  the  formation  of 
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compounds  widi  melting  points  as  low  as  1134°F.  Table  3-1  presents  a  list  of  the  compounds 
of  concern  and  die  melting  points  of  their  pure  forms. 

The  CBC  bed  material  is  typically  sand  (Si02).  If  present,  NaQ  can  react  with  the  sand  to 
form  a  viscous  sodium-silicate  (Na20*3Si02),  which  has  a  melting  point  of  1175°F: 

SSiOj  +  2NaCl  +  Hp  -*  Nap*3SiO^  +  IHCl  (1) 


The  sodium  nitrite  and  sodium  nitrate  wiU  oxidize  into  NO,,  and  Na20.  In  the  presence  of 
moisture,  the  Na20  wiU  form  sodium  hydroxide  (NaOH),  which  has  a  melting  point  of  612°F. 
NaOH  will  contribute  to  the  alkalinity  of  the  ^h. 

If  bed  materials  are  silica-sand,  or  if  there  is  Si02  in  the  red  water,  the  Na2S02  present  in  red 
water  will  react  with  the  silica  to  form  Na20*3Si02,  which  is  formed  in  Equation  1: 

Na^SO^  +  SSiO^  -  Nap^ZSiO^  +  SO^  +  (2) 

The  addition  of  lime,  iron  oxide,  or  aluminum  to  die  bed  will  raise  the  melting  point  of  the 
bed,  as  indicated  below. 

Lime  Addition.  lime  (CaO)  addition  and  Si02  will  produce  devitrite,  which  melts  at 
1885°F. 

Nap»3Si02  ^  +  3CoC>  -  Nap»3Ca0»6Si02  (3) 

In  the  absence  of  silica,  calcium  oxide  reacts  with  sodium-silicate  to  produce  a  product  that 
melts  at  2343°F. 

Nap»3Si02  *  -  Nap>2Ca0>3Si02  (4) 

iron  Oxide  Addition.  Iron  oxide  0^6203)  addition  to  sodium-silicate  wiU  produce  acmite, 
which  melts  at  1751®F.  However,  for  this  reaction  to  occur  the  iron  oxide  and  silica  must  be 
available  in  very  jBne  particles. 


By:  SKZ  Waste  Feed  Chonistiy  and  Selection  of  Ciiculadng  Media  Area  No.;  10 

Checked:  PA/PO  ITPCE  Area  Name:  Feed 

Approved:  PA  Knoxville,  Tennessee 

Date:  02/06/95 _  Rev.  No.  (0)  (1) 


Page:  2  of  11 


Table  3-1 

Melting  Point  of  Seiected  inorganic  Salts 


Compound 

Chemical 

Formula 

Melting  Point  (°F)^ 

Remarks 

Sodium 

Na 

208 

Sodium  Nitrite 

NaN02 

520 

Decomposes  at 
608°F 

Sodium  Nitrate 

NaNOg 

586 

Decomposes  at 
716°F 

Sodium  Hydroxide 

NaOH 

612 

Sodium  Chloride 

NaCI 

1472 

Sodium  Cartx>nate 

1569 

Sodium  Sulfate 

1623 

Sodium  Sulfite 

BSSsH 

Decomposes 

Sodium  Sulfide 

Na2S 

1688 

^  Source:  Shackelford  and  Alexander,  1992. 

Table  3-2 

Melting  Point  of  Mixture  of  Fluidized  Bed  Material  and  Inorganic  Salts 


Compound 

Chemical  Formula 

Melting  Point 
^F) 

Addition  of  Silica  (Si02) 

1175 

Addition  of  Iron  Oxide  (Fe203) 

Acmite 

1751 

Addition  of  Lime  (CaO) 

Devitrite 

Na20*3Ca0*6Si02 

Na20‘2Ca0«3Si02 

1885 

2343 

Addition  of  Aluminum  Oxide  (AI2O3) 

Albite 

Na2O*Al203‘6Si02 

2026 

Nepheline 

N3<)0*Alp0q*2Si0^ 

1600 

Albite+Nepheline 

1954 
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Na^O'iSiO^  +  +  SiO^  -*  M^0*Fc203»4Si02  (5) 

AluminutnSiiicate  Addition.  Kaolin  clay  is  a  natural  mixture  of  hydrous  aluminum  sili¬ 
cates,  Si02/Al203,  in  a  ratio  of  2:1  to  3:1. 

Nap^SSiO^  +  3Si02  +  i4/203  -*  Nap^Al^O^^eSiO^  (6) 

Aluminum-silicates  react  with  sodium-silicate  to  foim  albite.  Albite,  a  sodium-aluminum- 
silicate,  has  a  melting  point  of  2026°F.  In  the  absence  of  silica,  aluminum-oxide  reacts  with 
sodium-silicate  to  form  nqiheline  (WaU  et  al.,  1975). 

Na^OSSiO^  +  Aljp^  -  NcLfhAl^O^^lSiO^  +  SiO^  (7) 

Albite  and  nepheline  will  form  eutectic  point  at  1954°F.  The  advantage  kaolin  day  provides 
over  other  clays  is  its  ability  to  react  with  NaQ  directly  to  form  nq)heline. 

Alp^»2SiOj^  +  TNaCl  +  Hp  -  2HCI  +  Nap»APy*2SiO^  (8) 

3.1.3  NOj^  Emissions 

There  are  several  different  sources  of  formation  in  a  combustion  process,  the  burning  of 
nitrogen  containing  organics  and  high  temperature  combustion  in  air  being  two  major  sources. 
The  actual  NQj^  emissions  from  burning  nitrated  materials  is  less  than  the  theoretical  potential 
of  all  NO  components  remaining  as  NO^^,  but  the  emissions  are  higher  for  processes  in  which 
the  burning  materials  are  well  mixed  wifri  air  or  oxygen  than  when  mixing  is  poor.  By 
design,  the  CBC  is  a  weU  mixed  combustion  process,  so  emissions  from  NO  components 
are  expected  to  be  relatively  high.  At  15  percent  solids  in  red  water  (design  case),  if  100 
percent  of  the  NO  components  in  the  red  water  organics  remained  as  NO^^,  over  38  Ib/hr  of 
NOjj  emissions  would  result. 

NOj^  formation  increases  significantly  at  combustion  temperatures  in  excess  of  24(X)®F,  but 
only  about  0.38  Ib/hr  is  expected  to  be  formed  at  the  relatively  low  temperature  of  operation 
in  the  CBC.  Another  source  of  NO^^  emissions  from  the  processing  of  red  water  is  frie 
decomposition  of  the  sodium  nitrite  and  nitrate  salts  which  accoimt  for  over  12  percent  of  the 
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solids  content  in  the  red  water.  This  decomposition  could  add  over  10  Ib/hr  of  emis¬ 
sions. 

The  emissions  of  would  be  170  tons  per  year  (at  15  percent  solids  in  red  water)  if  100 
percent  of  all  the  potential  formation  occurred.  This  rate  is  below  the  250  ton  per  year  PSD 
limit  for  new  sources,  but  the  limit  is  site  qjecific.  Typically  100  percent  of  theoretical 
formation  of  does  not  occur.  Pilot  testing  of  a  solid  nitrogenated  waste  in  a  rotary  kiln 
indicated  that  6  to  12  percent  of  the  nitrogenated  group  remained  as  NO^.  The  percentage 
decreased  as  the  feed  rate  of  solid  waste  was  increased,  which  increased  the  depth  of  the 
solids  bed  and  decreased  the  exposure  of  the  solids  to  combustion  air.  The  solids  bed  in  a 
rotary  kiln  is  not  very  well  mixed  with  combustion  air,  so  the  NQj^  conversion  is  expected  to 
be  lower  than  in  the  CBC. 

Liquid  testing  with  a  mono-nitrated  aromatic  compound  indicated  that  13  to  33  percent  of  the 
nitrogenated  bodies  remained  as  NQj^.  The  liquid  was  fired  through  an  atomized  nozzle,  and 
the  NOjj  emissions  could  be  modified  by  the  degree  of  atomization.  The  lower  feed  rates 
which  were  more  highly  atomized  had  the  highest  percentage  retention  or  formation  of  NO^^. 
During  one  test  when  the  feed  rate  was  held  constant  and  the  degree  of  atomization  was 
increased,  the  emissions  increased  by  25  percent. 

If  the  emissions  were  25  percent  of  maximum  theoretical,  the  emissions  would  be  42.5 
tons  per  year,  and  the  stack  concentration  would  be  1,535  parts  per  million  (ppm)  on  a  dry 
basis.  One  of  the  goals  of  the  pilot  testing  will  be  to  evaluate  the  percentage  of  theoretical 
NOjj  emissions  formed.  The  stack  off-gases  during  the  pilot  testing  will  also  have  to  be 
observed  for  the  reddish-brown  visual  emissions  of  high  concentrations  of  NO^^. 

emissions  control  options  include: 

•  Thermal  deNO^^  systems 

•  Catalytic  reactor  deNO^^  systems 

•  DeNOj^  scrabbers. 


By:  SKZ  Waste  Feed  Chemistry  and  Selection  of  Circulating  Media  Area  No.:  10 

Checked:  PA/PO  ITPCE  Area  Name:  Feed 

Approved:  PA  Knoxville,  Tennessee 

Date:  02A)6/95  Rev.  No.  (0)  (1) 


Page:  4  of  11 


COMPANY  NAME:  IT  CoiporaticMi 

PROJECT  NAME:  USAEC 

LOCATION:  Aberdeen  Proving  Ground,  Maryland 


FRQJBCTNOj  322243 
SPEC.  NO.: 

WP:  WP1585.3 


Thennal  deNO^  systems  inject  urea  solution  or  ammonia  into  the  gas  stream  at  1600  to 
1800®F.  NOjj  emission  reductions  of  up  to  50  percent  can  be  achieved  by  thermal  deNO^^ 
systems. 

Catalytic  reactor  deNO^  systems  inject  ammonia  into  a  reactor  located  upstream  of  the  I-D. 
fan.  The  ammonia  converts  die  into  N2  and  water.  emission  reductions  of  up  to 
80  percent  can  be  achieved  by  catalytic  reactor  deNO^^  systems. 

DeNOjj  scrabbers  convert  NO  into  NO2  in  an  oxidizing  scrabber.  The  NO2  is  then  converted 
to  N2  in  a  reducing  scrubber.  emission  reductions  of  up  to  90  percent  can  be  achieved 
by  deNOj^  scrabbers. 

Thermal  deNO^^^  systems  are  relatively  ineispensive  compared  to  catalytic  reactor  deNO^^ 
systems  and  deNO^^  scrabbers.  All  units  can  be  retrofitted  to  the  CBC  if  required. 

3.1.4  Sulfur  Dioxide  Emissions 

Based  on  the  waste  profile  composition,  sulfur  dioxide  (SO2)  will  be  generated  from  two 
sources,  llie  first  source  is  the  organic  sulfur  present  in  the  nitrobodies;  the  second  is  from 
the  reaction  of  sodium  sulfate  with  sand.  (See  Equation  2.)  Estimated  SO2  emissions  from 
the  incineration  of  red  water  is  28.8  Ib/hr,  which  equals  3,292  parts  per  million  dry  volume 
(ppmdv)  in  the  stack  gas.  Maximum  SO2  emissions  fi’om  the  incineration  of  red  water  at  30 
percent  solids  is  58  Ib/hr,  which  equals  6,584  ppmdv  in  the  stack  gas. 

To  reduce  SO2  emissions,  lime  or  limestone  may  be  injected  on  top  of  the  bed.  Lime  con¬ 
sumption  is  expected  to  be  tqiproximately  25  Ib/hr.  Maximum  lime  consumption  is  50  Ib/hr, 
when  processing  red  water  at  30  percent  solids.  SO2  emissions  and  lime  consumption 
calculations  are  included  in  this  chapter. 

3.1.5  Hydrocarbon  Emissions 

The  emissions  of  total  hydrocarbons  (THC)  or  products  of  incomplete  combustion  (PIC)  firom 
an  incineration  process  vary  with  the  types  of  wastes  being  burned,  as  well  as  with  the  type 
of  incineration  system  and  the  combustion  parameters.  The  EPA  "Guidance  on  PIC  Controls 
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for  Hazardous  Waste  Incinerators"  (EPA/530-SW-90-040,  ^lil  1990)  states  tfiat  when  CO 
emissions  are  less  dian  100  ppm,  die  PIC  emissions  will  be  low  levels  of  concern  relative  to 
health  risk.  The  combustion  efficiency  of  the  CBC  should  be  such  that  the  CO  emissions  will 
be  well  below  100  ppm. 

Methane  and  other  light  hydrocarbons  are  typical  PICs.  The  referenced  guidance  document 
lists  commonly  deteaed  carcinogenic  and  noncarcinogenic  PIC  emissions,  witii  Cl  and  C2 
hydrocarbons  being  by  far  the  largest  quantities  listed  (9,600  and  17,000  nanograms  per  liter 
[ng/L],  respectively).  Odier  significant  quantities  of  hydrocarbons  listed  include  benzene 
(4,500  ng/L),  chloroform  (1,40  ng/L),  methylene  chloride  (2,800  ng/L),  formaldehyde  (780 
ng/L),  and  toluene  (550  ng/L).  The  guidance  listing  is  a  compilation  of  data  from  many 
different  combustion  processes. 

IT  has  evaluated  PIC  emissions  from  several  different  systems  and  trial  bums.  When 
operating  a  rotary  kiln/secondary  combustion  chamber  system  at  a  relatively  low  temperature 
in  the  SCC  of  1730°F,  the  only  significant  quantities  of  carcinogenic  and  noncarcinogenic 
PICs  detected  were  benzene  (71  ng/L),  carbon  tetrachloride  (1.2  ng/L),  chloroform  (74  ng/L), 
chloromethane  (170  ng/L),  toluene  (3.8  ng/L),  bromoform  (366  ng/L),  and  dibromochloro- 
methane  (25  ng/L).  Benzene,  carbon  tetrachloride,  chloroform,  and  toluene  were  all  two 
orders  of  magnitude  less  than  the  average  levels  cited  in  the  guidance  document.  The  source 
of  PICs  cannot  always  be  defined.  For  instance,  in  the  test  cited,  the  chlorinated  PICs  were 
probably  the  result  of  feeding  a  chlorinated  POHC  as  part  of  the  test,  but  the  source  of  the 
bromine  that  resulted  in  the  brominated  PICs  has  not  been  determined. 

As  an  indication  of  good  combustion,  the  measurement  of  THC  levels  should  be  one  of  the 
goals  of  the  CBC  pilot  testing. 

3.2  Bed  Material  Selection 

In  a  CBC,  the  auxiliary  fuel  and  red  water  are  burned  in  the  bed  material.  Therefore,  the 
properties  of  the  bed  material  are  critically  important  to  the  performance  of  the  CBC.  It  is 
the  chemical  property  of  material  (i.e.,  high  melting  point)  diat  will  prevent  agglomeration, 
and  not  the  concentration  of  the  bed  material.  Therefore,  bed  material  that  forms  a  high 
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melting  point  eutectics  is  desirable  in  preventing  agglomeration  in  the  CBC.  The  following 
bed  materials  were  considered  for  diis  application: 

•  Aluminum  oxide  (AI2O3) 

•  Ceramic  material 

•  Dolomite  [CaMg(C03)2] 

•  Gabbro 

•  Granite 

•  Kaolin  clay  (AloO,»2SiOo»2HoO) 

•  Lime  (CaO) 

•  Quartz  (Si02) 

•  Silica  sand  (Si02) 

•  Zirconium  (IV)  oxide 

•  Mixtures  of  these  materials. 


These  materials  were  compared  on  die  basis  of: 

•  Chemical  properties 

•  Physical  properties 

•  Price  and  availability. 

3.2.1  Chemical  Properties 

As  mentioned  previously  in  Section  3.1,  Waste  Feed  Chemistry,  agglomeration  is  a  major 
concern  when  operating  a  CBC.  The  proper  bed  material  will  not  combine  with  one  of  die 
components  of  the  red  water  to  form  a  low  melting  point  eutectic  mixture.  For  example, 

Si02  win  combine  with  the  sodium  in  the  red  water  to  form  eutectic  materials  (Table  3-2); 
however,  the  formation  of  the  eutectic  mixtures  may  be  prevented  with  the  addition  of  Fe203, 
CaO,  or  aluminum  silicate.  These  additives  have  to  be  continuously  added  in  the  correct 
proportions  to  die  CBC  when  thermally  treating  red  water.  If  the  quantity  of  the  Fe203,  CaO, 
or  aluminum  silicate,  was  not  correct,  if  the  additive  was  not  evenly  blended  with  the  bed 
material,  or  if  other  chemicals  combined  with  the  additive  before  the  additive  reacted  with  the 
sodium  silicate,  agglomeration  will  occur,  leading  to  CBC  shutdown  and  maintenance. 
Therefore,  for  ease  of  operation,  it  was  decided  to  initially  consider  bed  materials  that  do  not 
contain  Si02.  However,  if  the  evaluation  indicated  that  the  other  materials  were  not  suitable, 
then  Si02-containing  bed  materials  would  be  reconsidered.  Therefore,  gabbro,  granite,  kaolin 
clay  (Al203*2Si02»2H20),  quartz  (Si02),  and  silica  sand  (Si02)  were  initially  eliminated  from 
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the  list  of  possible  bed  materials.  Additionally,  dolomite  and  zirconium  oxide  were  removed 
from  consideration  because  dolomite  typically  contains  Si02  and  zirconimn  oxide  is  pur¬ 
chased  as  zircon  sand,  which  is  a  mixture  of  zirconium  oxide  (typically  less  than  2  percent) 
and  Si02. 

The  following  materials  remain  for  further  consideration: 

•  AI2O3 

•  Ceramic  material 

•  CaO. 

3.2.2  Physical  Properties 

Agglomeration  can  be  delayed  or  eliminated  by  maintaining  good  combustion  circulation  and 
carefully  selecting  the  bed  materials.  A  CTC  with  poor  circulation  will  develop  localized 
hot  spots  where  agglomeration  of  the  bed  material  will  start.  By  maintaining  the  proper  air 
flow  rates  and  selecting  a  bed  material  witii  the  proper  physical  properties,  good  circulation 
can  be  maintained  and  hot  spots  prevented. 

Consistent  physical  properties  are  required  for  CBC  bed  material.  Variations  in  physical 
properties,  including  particle  size  and  resistance  to  breakage,  can  lead  to  unwanted  (^rational 
changes.  Consistent  bed  material  properties  and  CBC  operation  is  pardculady  important  in 
the  pilot-scale  CBC.  Red  water  from  different  sources  may  be  tested  in  the  CBC  and,  if  die 
bed  material  varies  from  batch  to  batch,  die  results  of  the  pilot  tests  may  be  obscured. 

Properly  sized  bed  material  wiU  properly  circulate  in  the  CBC,  with  only  small  quantities  of 
bed  material  esc^ing  the  combustion  system  dirough  the  cyclone.  If  die  size  of  the  bed 
material  particles  is  too  large,  the  particles  will  not  be  entrained  in  the  combustion  gases,  not 
be  separated  from  the  combustion  gases  in  the  cyclone,  and  not  be  returned  through  the  loop- 
seal  to  the  combustion  chamber.  This  process  can  lead  to  localized  hot  ^ts  and  poor 
combustor  performance.  If  the  size  of  die  particle  is  too  small,  the  particles  will  be  entrained 
in  the  combustion  gases  but  will  not  be  sqiarated  from  the  combustion  gases  by  the  cyclone. 
This  result  wiU  increase  the  operational  requirements  of  the  gas  cleaning  system.  The 
optimum  size  of  the  bed  particles  is  about  250  microns. 
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The  abrasive  action  of  the  bed  material  and  the  combustion  gases  will  continually  degrade  the 
bed  material  panicles  and  reduce  their  size.  Friable  particles  will  degrade  r^idly  in  this 
environment,  resulting  in  increased  particulate  loading  to  the  gas  cleaning  system  and  frequent 
addition  of  material  to  the  CBC  to  maintain  die  pressmre  drop  across  the  bed.  Therefore,  the 
ability  of  the  bed  material  to  maintain  particle  size  is  important. 

CaO  can  be  purchased  in  the  desired  particle  size.  CaO  is  very  friable,  which  will  necessitate 
the  continual  addition  of  CaO  to  the  bed  and  will  increase  the  particulate  removal  require¬ 
ments  of  the  gas  cleaning  system.  Therefore,  CaO  was  eliminated  from  further  consideration 
as  the  primary  bed  material. 

Ceramic  materials  are  mixtures  of  aluminum,  calcium,  and  magnesium.  The  composition  of 
diese  mixtures  can  change  from  region  to  region  and  from  batch  to  batch.  Depending  on  die 
chemical  composition  of  the  ceramic  material  such  as  CaO  and  Fe203,  it  is  possible  that  some 
of  the  sticky  sodium  compoimds  such  as  Na2S04,  Na2S04-NaCl  mixture,  and  Na20*Si02 
will  form.  Therefore,  ceramic  materials  were  eliminated  from  further  consideration. 

The  only  material  remaining  for  fiirdier  consideration  is  AI2O3.  Per  Section  3.1,  aluminum 
oxide  win  form  a  high  melting  point  mixture  with  inorganic  solids  present  in  red  water.  It  is 
this  superior  quality  along  with  its  heat  transfer  characteristics  that  distinguishes  it  from  other 
candidates. 

3.2.3  Price  and  Availability 

To  prevent  a  buildup  of  sodium  and  eutectic  mixtures  with  a  low  melting  point  in  the  bed, 
bed  material  will  be  continuously  added  to  the  CBC,  and  ash  and  bed  matoial  continuously 
removed  from  the  combustion  chamber  by  the  ash  cooler  conveyor.  Initially,  a  feed  rate  of 
1.5  times  the  molar  quantity  of  sodium  in  the  waste  feed  is  recommended,  with  optimization 
of  the  feed  rate  dining  CBC  operation  (Dorr-Oliver,  1994).  The  recommended  initial  AI2O3 
feed  rate  is  43.5  Ib/hr.  Calculations  are  included  in  this  section. 
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AI2O3  is  widely  available  and  costs  ^proximately  $790  per  ton.  With  a  recommended  AI2O3 
feed  rate  (after  start-up)  of  less  than  50  IbAu:,  AI2O3  is  an  economically  acceptable  bed 
material. 

3^.4  Selected  Bed  Material 

Based  on  chemical,  physical,  and  price  considerations,  AI2O3  is  the  selected  bed  material. 
AI2O3  is  available  in  the  desired  particle  size,  about  250  microns.  AI2O3  will  slowly  decrease 
in  size,  resulting  in  a  long  bed  life. 

Agglomeration  is  not  expected  when  using  AI2O3  as  the  bed  material.  In  the  presence  of 
sodium,  AI2O3  forms  sodium-aluminum  silicates  that  have  melting  points  in  the  1600  to 
2025°F  temperature  range.  These  melting  points  are  hot  enough  to  prevent  agglomeration 
during  the  combustion  of  red  water,  provided  the  CBC  is  operated  in  the  1500  to  1600°F- 
temperature  range.  However,  to  prevent  a  buildup  of  eutectic  materials  in  the  bed,  the 
continuous  addition  of  bed  material  to  the  CBC  and  the  continuous  removal  of  ash  and  bed 
material  from  the  combustion  chamber,  is  recommended  (Mullen,  1988;  Zakkey  et  al.,  1984; 
Goblirsch  et  al.,  1983). 

AI2O3  meets  the  chemical,  physical,  and  cost  requirements  for  bed  materials  when  burning 
red  water;  therefore,  AI2O3  is  the  recommended  bed  material. 
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002 
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001 

Date; 

September  13,  1994 


Call  From 
Call  To  X 


Name: 

JjtiKie  Clark 


Topic:  Fluidized  Bed  Material 


Title; 

Telephone  Number 

203/876-5534 

Company  Name: 

DORR-OUVER 

Address; 

City 

state  CT 


Surmtary  (Decisions  &  Specific  Actions  Required  by  Named  Persons):  _  _  . 


Q.  What  is  your  recommendation  for  the  bed  material  for  the  incineration  of  red  water? _ 


A.  Neutral  agent  such  as  Kaolin  Clay,  which  has  aluminum  silicate  component,  Na-Ai  forms  a  high  melting 
point  salt.  _ _ _ 


Q.  What  is  the  quantity  of  kaolin  clay  to  be  added  to  the  bed? _ 


A.  Usually  start  with  1 .5  x  Na  present,  then  operation  will  optimize  the  quantity. _ 


Q.  What  do  you  recombed  for  SO  removal,  and  NOx  removal/reduction? _ 


A.  Ammonia  &  Urea  injections  in  the  gas  vwll  get  80%  reduction.  However,  Dorr-Oliver  has  a  proprietary  system 
that  is  sold  with  the  fluidized  bed  only  will  result  is  60-70%  reduction. _ - _ 


Q.  What  is  the  recommended  operating  temperature  of  the  fluidized  bed  when  incinerating  red  water? _ 


A. 1500- 1600  F. 


Required  Action: 


None 


Prepared  by  (PiirrtfSignature):  Saleem  K.  Zwayyed 
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4.0  BLOCK  FLOW  DIAGRAM 
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4.0  Block  Flow  Diagram 

The  block  flow  diagram  (Drawing  D-OO-OO-OOl)  presented  in  this  chapter  is  a  conceptual 
representation  of  the  incineration  system.  A  schematic  (Drawing  D-(X)-(X)-(X)2)  of  the 
incineration  system  is  also  presented.  The  system  consists  of  a  CBC,  the  combustion 
chamber,  hot  cyclone,  loop-seal,  and  an  air  pollution  control  system  (APCS),  which  includes 
partial  quench,  baghouse,  I.D.  fan,  and  a  stack. 

Red  water  is  incinerated  in  the  combustion  chamber.  The  hot  cyclone  separates  the  hot  gases 
fiom  the  bed  material.  The  bed  material  is  recycled  to  the  combustion  chamber  via  the  loop- 
seal.  The  1600®F  combustion  gas  is  cooled  to  approximately  450°F  by  spraying  water  into 
the  incoming  hot  gas.  The  partially  cooled  gas  at  450®F  then  enters  the  baghouse  for 
particulate  removal.  The  I.D.  fan  then  exhausts  the  cleaned  gases  to  the  atmosphere  through 
the  stack. 
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5.0  CONCEPTUAL  DESIGN  BASIS 
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5.0  Conceptual  Design  Basis 

Table  5-1  presents  the  conceptual  design  basis  for  the  TNT  red  water  incineration  pilot  plant 
This  table  includes  the  gas  flow  rate,  temperature,  and  gas  composition  exiting  each  of  the 
major  pieces  of  equipment  m  the  system.  These  parameters  are  presented  for  the  cyclone  exit 
gas,  partial  quench  exit  gas,  baghouse  exit  gas,  and  stack  exit  gas.  The  information  presented 
is  for  the  normal  operational  case  and  for  the  start-up  case.  The  design  gas  flow  and 
temperature  in  this  table  are  used  for  sizing  each  piece  of  the  major  equipment  in  the  system. 

The  gas  flow  rate,  temperature,  and  gas  composition  information  presented  in  Table  5-1  are 
gathered  from  die  M&EB  ouqiuts  for  the  normal  case  and  start-up  case  included  in  Chapter 
12.0.  The  PFDs  and  P&IDs  presented  in  Chapter  7.0  provide  more  detailed  information  on 
design  basis. 
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6.0  PROCESS  DESCRIPTION 
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6.0  Process  Description 

6.1  General  Process  Overview 

The  CBC  is  lesponsible  for  the  thermal  destruction  of  wastes  fed  from  the  waste  receiving, 
storage,  and  handling  areas.  Red  water  is  pumped  from  a  waste  storage  area  (by  othas)  to 
the  CBC  where  it  is  volatilized  and  oxidized.  The  resulting  off-gases,  which  include 
circulating  media  comprising  aluminum  oxide  and  limestone,  enter  a  hot  cyclone  (to  recover 
the  circulating  media  from  die  gases)  before  diey  are  sent  to  tiie  APCS.  The  circulating 
media  is  then  returned  to  the  bottom  of  the  CBC  through  a  loop-seal  that  connects  the  bottom 
of  the  cyclone  to  the  CBC  bed.  The  ash  from  the  CBC  bed  is  continuously  purged  through 
the  ash  cooler  conveyor  and  dropped  into  an  ash  bin.  The  gases  from  the  cyclone  pass 
through  a  partial  quench  for  cooling  in  prq>aration  for  particulate  removal  in  a  ba^ouse. 

The  baghouse  removes  more  than  99  percent  of  the  particulate  entrained  in  the  gas.  The  gas 
then  enters  an  IJ).  fan  and  exits  through  a  stack. 

The  CBC  is  designed  to  process  1.5  gpm  of  red  water  (heating  value,  487  British  tiiermal 
units  per  pound  CBtu/lb])  with  a  heat  release  of  0.4  MMBtu/hr.  The  total  thmmal  iiq>ut  (due 
to  red  water  and  auxiliary  hiel)  to  tiie  system  is  4.5  MMBtu^,  which  equates  to  a  gas 
velocity  of  20  feet  per  second  (fee^sec)  through  the  combustion  chamber  and  an  overall  gas 
residence  time  of  2.2  seconds  in  the  combustion  system. 

The  following  sections  describe  the  feed  ^stem,  combustion  systmn,  ash  handling  system, 
and  air  pollution  control  system.  The  discussion  reference  equipment  is  presented  in  Ch^ters 
7.0  and  8.0. 

6.2  Feed  System 

The  CBC  unit  has  three  sq>arate  feed  streams:  limestone,  AI2O3,  and  red  water.  These 
streams  are  shown  in  Drawing  D-OO-lO-OOl  in  Chapter  7.0. 

6.2.1  Limestone 

The  limestone,  in  the  form  of  granules  and  chunks,  is  fed  into  the  CBC  above  the  main  mass 
of  the  circulating  bed.  The  bags  of  limestone  are  devated  to  the  feed  platform  by  a  rail 
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mounted  hoist  (H-2006).  The  bags  are  broken  with  a  bag  breaker  (H-2007)  allowing  the 
limestone  to  flow  into  the  limestone  feed  hopper  (H-2002).  The  limestone  is  metered  out  of 
the  hqR)er  and  into  flie  CBC  via  a  variable  speed  screw  conveyor  (H-2003). 

The  flow  of  limestone  to  die  CBC  is  manually  controlled.  The  rate  of  limestone  can  be 

or  decreased  by  adjusting  die  local  speed  controller  SC-201  on  screw  conveyor  H- 
2003.  Before  being  installed,  the  limestone  screw  conveyor  should  be  calibrated  (using 
limestone)  to  detemrine  the  limestone  flow  rate  versus  the  speed  controller  setting.  This  will 
allow  the  operator  to  estimate  the  limestone  usage  rate  during  operation  of  the  CBC. 

The  limestone  usage  rate  will  be  determined  by  feeding  red  water  to  the  CBC  and  measuring 
SO2  HQ  fttnissinns  in  the  flue  gas.  Limestone  can  then  be  added  to  the  CBC  bed  to 
achieve  the  desired  add  gas  concentrations.  This  will  accomplish  two  things;  1)  it  will  define 
the  correct  iwnegrnnft  addition  rate  as  a  function  of  the  red  water  feed  rate,  and  2)  determine 
die  efficiency  and  utflizarion  of  limestone  for  scrabbing  add  gases  in  a  CBC  combustor. 

Both  of  these  data  points  will  be  important  for  future  system  scale-i^  design.  Note  that  the 
ratio  of  limestone  versus  red  water  feed  rate  is  an  ^roximation  and  is  specific  to  the  red 
water  fed  during  add  gases  testing.  Changes  in  the  red  water  composition  may  require 
increasing  or  decreasing  the  limestone  feed  rate. 

6^.2  Aluminum  Oxide  (Ai/)^ 

The  AI2O3  consists  of  particles  with  a  diameter  of  approximately  0.03  inch.  The  bags  of 
AI2O3  are  elevated  by  the  hoist  (H-2006)  to  the  loop-seal  platform.  The  bags  are  manually 
removed  fimn  the  hoist  and  broken  on  the  bag  breaker  (H-2008).  The  AI2O3  then  flows  into 
the  feed  hopper  (H-2004).  The  AI2O3  feed  soew  conveyor  (H-2005)  is  a  variable  speed  type 
which  transfers  tiie  AI2O3  fiom  die  hoppa:  into  the  loop-seal.  This  loop-seal  feed  location  is 
direcdy  beneath  the  cyclone  cone  discharge. 

The  flow  of  AI2O3  to  the  CBC  is  manually  controlled.  The  rate  of  AI2O3  can  be  increased  or 
decreased  by  adjusting  the  local  speed  controller  SC-202  on  screw  conveyor  H-2005.  As 
discussed  above  for  the  limestone  screw  conveyor,  the  AI2O3  screw  conveyor  should  be 


By:  SM 
Checked:  PA/PO 
Approved:  PA 
Date:  01/12/95 


Process  Desci^tion  Area  No.:  20 

IT  PCE  Area  Name:  CBC 

KnoxviBe,  Tennessee 

Rev.  No.  (0)  (1)  Page:  2  of  9 


COMPANY  NAME:  IT  Coipoxatioa 

PROJECTNAME:  USAEC 

LOCATION:  Aberdeen  Proving  Ground,  Maryland 


PRQJBCTNO.-  322243 
SPEC.  NO.: 

WP:  WP1585.6 


calibrated  (using  AI2O3)  to  detennine  the  AI2O3  flow  rate  versus  die  speed  controller  setting. 
This  will  allow  the  operator  to  estimate  the  AI2O3  usage  rate  during  operation  of  the  CBC. 

A  differential  pressure  of  20  to  45  inches  water  column  (in.  w.c.)  will  be  maintained  across 
the  bed.  This  pressure  drop  is  an  indication  of  the  amount  of  bed  material  inside  the  CBC. 
The  pressure  drop  across  the  chamber  is  measured  by  the  pressure  differential  indicating 
transmitter  PDIT-206  and  is  indicated  by  PDI-206. 

The  differential  pressure  across  the  diculating  bed  is  controlled  by  both  adding  AI2O3  and 
withdrawing  the  bed  material  through  the  ash  system.  As  salts  build  up  in  the  (3C,  die  bed 
material  must  be  taken  out  to  keep  the  salt  concentration  at  minimum  level.  The  rate  at 
which  bed  material  is  wididrawn  will  depend  on  the  ted  water  composition  and  operating 
experience.  As  the  bed  material  is  taken  out,  AI2O3  is  added  to  the  CBC  until  the  desired 
differential  pressure  across  the  circulating  bed  is  reached.  The  operator  should  also  view  the 
circulating  behavior  of  die  bed  material  throng  the  sight  ports.  Again,  through  operating 
experience  with  the  red  water,  salts  buildiq),  and  visual  bed  inactions,  the  curator  will 
determine  the  proper  AI2O3  feed  rate  to  maintain  the  CBC  differential  pressure. 

6.2.3  Red  Water 

The  red  water  feed  is  fed  into  the  loop-seal  dirough  a  nozzle  whidi  is  mounted  on  the  AI2O3 
inlet  feed  line  from  feed  screw  conveyor  H-2005  to  die  loop-seal.  The  red  water  mixes  widi 
the  aluminum  oxide  and  then  enters  the  loop-seal  coming  into  contact  with  the  circulating  bed 
material. 

All  of  the  waste  feed  permissive  interlocks  must  be  satisfied  before  the  red  water  block  valve 
YV-205  can  be  opened.  The  flow  of  red  water  is  measured  by  the  flow  meter  and  transmitter 
FE/FTr-205.  Flow  controller  FIC-205  modulates  the  red  water  flow  valve  FV-205  to  reach 
the  desired  flow  rate. 

When  the  CBC  is  ready  to  accqpt  red  water,  the  oxygen  concentration  at  the  stack  is  typically 
10  to  12  percent,  dry  volume.  This  is  due  to  the  high  rate  of  secraidary  air  to  the  CBC  in 
order  to  maintain  the  desired  CBC  off-gas  flow  rate  (or  velocity)  for  bed  circulation.  When 
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the  red  water  is  added  to  the  CBC,  die  natural  gas  firing  rate  will  increase  thereby  increasing 
CBC  off-gas  flow  rate.  In  reqionse  to  the  increased  CBC  off-gas  flow  rate,  the  secondary  air 
flow  rate  will  decrease  in  order  to  maintain  the  desired,  fixed  CBC  off-gas  flow  rate. 
Lowering  the  secondary  air  rate  also  lowers  die  stack  oxygen  concentration.  In  effect, 
inf^TMsing  the  red  water  feed  rate  will  decrease  the  stack  oxygen  concentration.  TherefOTe, 
the  flow  of  red  water  to  the  CBC  can  be  increased  until  the  design  red  water  rate  is  readied 
or  the  stack  oxygen  concentration  decreases  to  about  6  percent,  which  ever  comes  first. 

6.3  Combustion  System 

The  combustion  system  comprises  five  regions:  the  wind  box/distributor  assembly,  com¬ 
bustion  chamber,  bed,  hot  cyclone,  and  loop-seal.  The  system  functions  are  described  in  the 
following  sections. 

6.3.1  Wind  Box/Distributor  Assembiy 

Located  in  the  lower  portion  of  the  CBC,  the  wind  box  is  made  of  refiractoiy-lined  carbon 
steel.  The  wind  box  receives  combustion  and  circulating  (secondary)  air  from  the  combustion 
air  blower  (B-2001).  Under  normal  operating  conditions,  air  at  ambient  temperature  is  blown 
into  the  wind  box  to  serve  as  combustion  air  and  circulating  air.  Under  start-i:^  conditions, 
the  air  is  heated  by  the  start-up  burner  (G-2001).  The  start-up  burner  is  a  5  MMBtu/hr 
Vortex  burner,  which  is  located  in  the  wind  box.  The  primary  combustion  air  is  siqiplied  at 
the  burner  and  the  secondary  air  enters  the  burner  housing.  The  system  will  be  heated  by  the 
start-up  burner  off-gases  during  start-up  and  hot  idle.  During  start-tq>,  the  system  is  slowly 
heated  to  1300*^.  When  the  system  attains  1300°F,  tiie  system  slowly  transfers  to  the 
primary  fuel  for  normal  operation.  When  there  is  no  waste  feed,  the  CBC  system  is  placed 
on  hot  idle  at  600°F  to  prevent  the  system  from  completely  cooling  down. 

At  the  top  of  tile  wind  box,  a  Hastelloy  distributor  plate  with  tuyeres  is  used  to  equalize  air 
flow  iq>  through  the  bed  region.  During  normal  (^ration  natural  gas  will  bleed  tiirou^ 
tuyeres  to  combust  and  mflintain  temperature.  The  natural  gas  flow  will  begin  flowing  to  the 
tuyeres  after  the  start-up  burner  has  brought  tiie  system  up  to  13()0®F.  At  this  temperature, 
the  fuel  will  spontaneously  combust  when  it  enters  the  bottom  of  the  combustion  chamber. 
The  fuel  flow  to  the  tuyeres  is  controlled  as  a  function  of  the  CBC  the  temperature. 
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6.3.2  Combustion  Chamber 

The  combustion  chamber  located  just  above  the  distributor  plate  is  a  vertical  cylindrical 
chamber  made  of  refractory-lined  carbon  steel.  The  diamber  has  a  28-inch  inside  diameter 
and  a  40.5-inch  outside  diameter.  The  carbon  steel  shell  is  0.25  inch  thick  and  is  lined  with  6 
inches  of  castable  refractory.  The  chamber  has  a  heigb^t  of  34  feet  from  the  distributor  plate 
to  the  top  of  the  combustor  and  4  feet  from  the  distributor  plate  to  die  bottom  of  the  wind 
box. 

Turbulence,  adequate  residence  time,  and  oxygen  concentration  in  the  gas  at  the  required 
incineration  temperature  are  essential  for  complete  destraction  of  die  nitrobodies.  The  gas 
velocity  through  the  QBC  unit  is  maintained  at  20  fee^sec,  which  provides  more  dian 

turbulence.  An  q^roximate  gas  residence  time  of  2.2  seconds  is  maintained  in  the 
combustion  module,  which  includes  1.7  seconds  in  the  iqjper  section  of  the  CBC  unit,  0.1 
second  in  the  duct  between  the  CBC  and  the  cyclone,  0.3  second  in  the  cyclone,  and  0.1 
second  in  the  duct  between  die  cyclone  and  the  partial  quench.  The  combustion  chamber 
temperature  is  maintained  at  approximately  1600°F,  which  is  adequate  for  die  destruction  of 
the  nitrobodies  or  any  other  organic  compounds  based  on  IT’s  experience.  The  cyclone  exit 
off-gas  contains  about  6  percent  oxygen  (by  volume),  which  is  needed  to  achieve  the  required 
destmetion.  An  oxygen  content  of  6  percent  can  be  maintained  based  on  IT’s  experience  in 
operating  C!BCs. 

6.3.3  Bed 

Located  above  die  wind  box  assembly,  the  bed  comprises  circulating  media,  which  act  as  a 
large  thermal  flywheel  for  efficient  heat  transfer  to  the  high  moisture  red  water  waste  streams. 
Normal  (grating  temperature  in  the  CBC  is  1600®F.  The  red  water  is  pumped  into  the  loop- 
seal,  which  returns  bed  media  firom  die  bottom  of  die  cyclone  to  the  bottom  of  the  CBC. 

The  circulating  bed  consists  of  64  percent  AI2O3  and  36  percent  limestone.  The  AI2O3  will 
be  used  to  prevent  agglomeration  that  could  be  caused  by  the  high  levels  of  sodium  in  the  red 
water  feed  (Chtpter  3.0).  The  limestone  will  be  used  to  neutralize  HQ  and  SO2  in  the 
combustion  gas. 
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6.3.4  Hot  Cyclone 

The  CBC  off-gas  will  enter  the  hot  cyclone  (F-2002).  The  cyclone  is  made  of  refractory- 
lined  carbon  steel  with  a  Hastelloy  Vortex  finder.  The  shell  is  0.25  inch  thick  with  6  inches 
of  lefiractory,  with  an  outside  diameter  of  38  inches  and  a  length  of  120  inches.  The 

cyclone  is  designed  to  remove  the  circulating  media  that  have  been  carried  over  from  the 
CBC  by  use  of  centrifugal  forces  to  separate  the  heavier  particles  fipom  the  off-gas.  The 
separated  particles  then  flow  out  of  the  bottom  of  die  cyclone,  into  die  loop  seal,  and  dien 
back  into  the  CBC  bed. 


6.3.5  Loop-Seal 

The  circulating  media  removed  from  the  combustion  off-gas  are  returned  to  the  bed  through  a 
loop-seal.  The  lot^seal  is  a  refractory-lined  carbon  steel  duct  that  coimects  firom  die  bottom 
of  the  cyclone  cone  to  the  CBC.  The  loop-seal  has  a  3-inch  inside  diameter  and  a  15-inch 
outside  diameter.  The  make-up  circulating  media  (aluminum  oxide)  are  added  to  the  loop- 
seal  through  a  screw  conveyor  (H-2005),  which  are  fed  by  a  hopper  (H-2004).  Purge  air  is 
injected  into  die  loop-seal  by  the  purge  air  blower  (6-2002)  and  maintains  the  circulating 
media  in  a  fluidized  state.  The  red  water  waste  feed  is  injected  into  the  circulating  media 
inlet  line. 


6.3.6  Combustion  System  Process  Control  Description 

During  the  start-iqi  of  die  CBC,  the  start-iqi  burner  slowly  heats  the  system  to  ensure  even 
refractory  heatup.  During  diis  start-iq>,  the  temperature  is  measured  by  thermocoiqiles 
TE-207A  and  TE-207B  in  the  wind  box.  This  temperature  is  controlled  by  temperature 
indicating  controller  TIC-207  which  sets  the  fuel  flow  rate  to  the  start-i^  burner  by  cascading 
die  temperature  requirement  to  the  fuel  flow  indicating  controller  FIC-209.  FIC-209 
modulates  die  fuel  valve  FV-209  until  the  flow  demand  is  satisfied. 

Primary  combustion  air  is  supplied  to  the  start-up  burner  for  stoichiometric  combustion  of  any 
fuel  fired.  The  primary  combustion  air  is  controlled  by  the  ratio  controller  FFIC-204  which 
receives  a  set  point  firom  die  fuel  flow  indicating  transmitter  (FIT-209).  FFIC-204  adjusts  the 
primary  air  flow  valve  (FV-204)  according  to  the  set  ratio. 
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The  normal  operating  temperature  in  the  CBC  is  measured  by  thermocouples  TE-206A  and 
206B.  This  temperature  is  controlled  by  a  temperature  indicating  controller  (nC-206).  TIC- 
206  sets  tiie  fuel  flow  to  the  tuyeres  by  cascading  the  temperature  requirement  to  die  fuel 
flow  inHirating  controller  FIC-219.  FIC-219  modulates  flow  valve  FV-219  until  the  flow 
demand  is  achieved. 

Maintaining  the  CBC  off-gas  flow  rate  to  obtain  a  velocity  between  15  to  20  ft/sec  is  required 
in  order  to  continuously  circulate  the  bed  material.  The  CBC  off-gas  flow  rate  (or  velocity) 
is  maintained  by  adjusting  the  flow  of  secondary  air  to  the  CBC.  The  CBC  calculated  off-gas 
flow  rate  is  indicated  by  flow  indicating  controller  FIC-201.  FIC-201  modulates  tiie  second¬ 
ary  air  flow  valve  FV-201  until  the  desired  CBC  off-gas  flow  is  obtained. 

The  CBC  vacuum  is  maintained  by  modulating  the  LD.  Fan  inlet  vane  damper  PV-501.  The 
CBC  vacuum  is  measured  by  pressure  transmitter  Prr-210  and  is  located  on  the  loop  seal. 

The  pressure  indicating  controller  PIC-210  varies  the  position  of  PV-501  in  order  to  maintain 
the  deshed  vacuum  set  point. 

6.4  Ash  Handling 

The  ash  and  the  circulating  media  are  continuously  removed  by  the  ash  cooler  conveyor 
(H-2001).  The  ash  cooler  conveyor  is  a  variable  speed,  water-jacketed  screw  conveyor  made 
of  carbon  steel,  with  a  5-horsepower  (hp)  drive  motor.  The  ash  cooler  conveyor  extracts  the 
ash/circulating  media  from  the  bottom  portion  of  the  bed.  The  ash/circulating  media  are 
transferred  through  the  screw  conveyor,  where  it  is  cooled  to  about  6(X)°F  and  then  dropped 
into  the  ash  bin  (T-2001).  The  ash/used  circulating  media  are  transferred  from  the  bin  to 
storage  or  disposal. 

The  ash  cooler  conveyor  will  be  controlled  manually.  Based  on  cperating  experience  in  other 
CBCs,  the  flow  rate  is  adjusted  based  on  maintaining  2  percent  salt  in  the  bed. 

5.5  Air  Pollution  Control  System 

The  APCS  consists  of  a  partial  quench,  baghouse,  I.D.  fan,  and  a  stack. 
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6.5.1  ParSsI  Quench,  incinerator  off-gas  from  the  CBC  is  routed  to  the  partial  quench 
spray  chamber  (T-5001)  through  a  refractory-lined  duct.  The  partial  quench  reduces  the 
temperature  from  1600®F  to  an  operating  temperature  of  400®F  (450°F  maximum).  The  size 
of  the  carbon  steel  quoich  chamber  is  40  inches  outside  diameter  and  33  feet  in  length,  with 
a  3-second  gas  residence  time.  The  dry-bottom  quench  chamber  is  equii^)ed  with  two 
atomizing  nozzles  for  introducing  cooling  water.  An  airtight  motor-driven  rotary  valve  (H- 
5001)  is  used  to  discharge  collected  dust  to  the  dust  collection  drum  (T-5002A).  The  quench 
chamber  is  constructed  of  painted  carbon  steel. 

Quench  temperature  is  measured  by  a  thermocouple  (TE-501)  at  the  quench  chamber  outlet. 
This  temperature  is  controlled  by  a  tanperature  indicating  controller  (TIC-501)  that  sets  the 
water  flow  to  &e  quench  chamber  by  controlling  Ae  flow  valve  (TV-501)  in  accordance  with 
the  water  demand.  The  partial  quench  has  two  water  sources  with  one  for  normal  operation 
and  the  other  for  emergencies  only. 

6.5.2  Baghouse 

Quenched  off-gas  will  be  routed  from  the  quench  chamber  to  the  baghoxise  (S-5001).  The 
four-module  baghouse  has  dimensions  of  13  by  17  feet  with  a  26-foot  overall  height 
(including  siqjports).  The  ba^ouse  has  an  air-to-doth  ratio  of  3:1.  It  will  have  a  bottom 
with  sides  sloped  at  a  60-degtee  horizontal  angle  and  will  be  equ5)ped  with  a  vibrating 
bottom.  An  airtight,  motor-driven  rotary  valve  (H-5002)  will  be  used  to  discharge  dust  from 
the  bag  filter  to  the  dust  collection  drum  (T-5002B).  The  baghouse  body  will  be  constructed 
of  0.5-inch  steel  lined  with  2  inches  of  insulation.  An  on-line  pulse-jet  type  cleaning 
mechanism  will  be  included  in  the  bag  filter  to  automatically  remove  collected  dust  from  the 
bags.  The  bags  will  be  precoated  with  lime  to  prevent  the  bags  from  clogging  and  to  react 
with  any  fugitive  SO2  or  HCl  that  may  be  in  the  quoich  off-gas. 

A  key  issue  tiiat  should  be  considered  during  the  process/detail  engineering  phase  of  diis 
project  is  tranqwrtability.  One  objective  is  that  the  entire  unit  be  mobileAransportable;  the 
proposed  baghouse  is  based  on  a  conventional  design  with  relatively  lengthy  bags  diat  make 
the  unit  taller.  During  the  detail  engineering  phase,  a  shorter  baghouse  design  should  be 
considered  for  mobility. 
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Due  to  the  high-pressure  drop  across  the  system,  the  LD.  fan  is  specified  to  produce  60  in. 
w.c.  static  pressure.  The  infiltration  air  duough  the  rotary  valves  in  each  of  the  four  modules 
could  be  gignifirant  To  minimize  the  infiltration  air  into  the  system,  a  solenoid-operated 
knife  gate  valve  is  installed  upstream  of  the  rotary  valve(s). 

Pressure  drop  across  die  baghouse  is  measured  by  a  pressure  differential-indicating  transmitter 
(PDIT-504).  The  HifFerential  piessure  measuremrat  is  used  to  control  the  cycle  initiation  for 
die  pulse-jet  type  cleaning  mechanism.  Configured  firom  PDIT-504  is  the  pressure  differential 
indicator  (PDI-504)  and  high  differential  pressure  switch  PDSH-504.  When  the  differential 
pressure  exceeds  the  set  point  of  PDSH-504,  die  bags  are  air  pulsed  for  cleaning. 

6.5.3  Induced  Draft  Fan 

The  prime  mover  of  the  CBC  ^stem  is  the  U).  fan  (B-5001).  The  fan  draws  gas  fr<Mn  the 
baghouse  exit.  The  flow  rate  is  set  by  an  inlet  vane  damper  (PV-501)  in  the  duct  before  the 
LD.  fan.  The  inlet  damper  is  an  electrically  actuated  damper  that  is  controlled  to  maintain  the 
CBC  pressure  at  a  desired  vacuum.  The  IT),  fan  is  a  centrifugal  type  blower  with  a  cqiacity 
of  5,000  acfin  and  a  static  pressure  of  60  in.  w.c. 

6.5.4  Stack 

The  LD.  fan  discharges  flue  gas  through  die  stack  (Z-5001).  The  stack  is  12  inches  in 

with  a  62-foot  height  The  stack  height  of  62  feet  is  based  on  housing  the  entire 
system  in  a  building  50  feet  high.  If  the  system  is  installed  in  an  opai  area,  the  minimum 
stack  hftight  should  be  45  feet  The  stack  is  equipped  with  a  continuous  emission  monitoring 
(CEM)  system  for  oxygen  (O2)  and  CO.  The  NO^  and  is  measured  during  the  perfor¬ 
mance  testing.  The  CEM  system  includes  alarm  points  in  die  control  systan  for  all  of  the 
above  parameters.  The  stack  is  also  equipped  with  nozzles  and  platforms  necessary  to  allow 
sampling  during  the  performance  test. 
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7.0  PFDs  &  P&IDs  (Revision  A)  Drawing  index 


Type 

Title 

Area  Number 

Drawing  Number 

PFD 

Incineration  System 

00 

D-00- 10-001 

P&ID 

Instrumentation  Identification 

00 

D-00-1 1-001 

P&ID 

Control  System  Standards 

00 

D-00- 11-002 

P&ID 

Control  Loop  Standards 

00 

D-00-1 1-003 

P&ID 

Equipment  Identification 

00 

D-00-1 1-004 

P&ID 

CBC  Burner  System 

20 

D-20- 11-001 

P&ID 

Circulating  Bed  Combustor 

20 

D-20- 11-002 

P&ID 

APC  System 

50 

D-50-1 1-001 
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IHIS  MTORUAIION  IS  BASCO  UPON  ISA>SS  1  1904 
MSIRUMCNIATION  SmSOlS  ANO  (OCNTIT  CATION 
RCPPtNItO  BT  PCRUrSSION  COPTRCHT  •  MSIPUyCNT 
SOCCTY  Of  AMtRCA  IBM,  fROM  ISA -SS  I  - 


NOTES  FOR  TABLE 


THIS  1A01C  IS  NOT  Ail-MCLUSNC 

A.  ALARM,  ThC  ANNUNCUTINC  OCVCC  MAY  K  USCD  M  THC 
SaWC  fASNlON  AS  S  SWITCH  TmC  ACTUATMC  OCVCC 
THC  LCnCRS  H  ANO  I  MAY  K  OAHTTCO  M  THC  UNOCRfMCD 
CASE 

OTHCR  POSS01C  C0M8MATI0NS 
ro  (RCSTMCTION  ORCCC) 

IRK,  HK  (CONTROi  SUTlONS) 

nt  Iacccssorks) 

TJR  iCMMNC  RCCOROCR) 

ILH  (PCOT  LIGHT) 

PTR  (RATIO) 

KOI  (RUTMInC  TMC  MOCAIOR) 

001  (mocatmc  COUNTCR) 

WKC  (RATC-0r-WClCH1>Ld5S  CONTROLLER) 

HMS  (hand  MOMCNTART  SWUCH) 


1.  A  *USCR^  CHOlCr  LCTTCR  is  ritcnoco  to  COACR  UNLISICO 
MCANPCS  that  WCL  tC  USCO  RCPCTITNCLV  M  A  PARTCULAR 
PROJCCT.  W  USCO.  THC  MAY  LCHCR  MAY  HAVC  0N(  MCAMNC 
AS  A  riRSt^LCTICR  ANO  ANOTHER  MGANMG  AS  A  SUCUCOWIG- 
LCITCR  THC  MCANMCS  NCCO  TO  K  OCflNCO  ONLY  ONCE  M 

A  LCCCNO.  OR  OTMCR  Pt>CC.  fOR  THAT  PROJECT  fOR 
IKAMPIC,  the  imCR  N  MAY  K  DCflNCO  AS  'MODULUS  Of 
iLASCirr  AS  A  rOTSI-UTTER  ANO  •OSOLLOSCORT  AS  A 
SUCCCEOMG-UnCR 

2.  THC  UNCLASSriCO  LCTTCR  X  IS  MTCNDCO  10  CO^R  UNLSICD 
MCANR4CS  THAT  WCL  K  USCO  ONLY  ONCC  OR  USCO  TO  A 
IRMTtO  CXTCNT  9  USCO.  THC  ICHCR  MAT  MANC  ANT  NUMBCR 
or  UCAMNGS  AS  A  mtST^LCTTCR  ANO  MIT  NUUOCR  OT 
MUNMCS  AS  A  SUCaCOMC  LCHCR,  CXCCPT  fOR  RS  U5C 
MTH  OISTMCTNC  SYMOOLS  IT  IS  CxKCTCO  THAT  THC  MCANMCS 

WR.L  K  ocrMCO  oursnc  a  tagging  eueoic  on  a  flm 

OMCRAM  rOR  CXAMPLC.  lR-2  MAY  BC  A  STRCSS  RCCOROCR 
M40  XX-4  may  M  A  STRCSS  OSCCLOSCOPC 

y  ThC  grammatical  roRM  or  thc  succccomg-lcttcr  mcanmcs 

MAY  BC  MOCXrCD  AS  RCOUMCO  FOR  CXAMPLC.  'MOCATr  MAY 
BC  APPiCO  AS  'MDiCATOr  OR  'MOCATMT.  ^TRANSMrT  AS 
'TRANSMRTCRr  OR  'TRANSMRTMtT.  tIC 


5.  FMST-LCnCR  A(AMALYSlS)  COVCRS  All  ANALYSES  MOT 
OCSCRieCO  BY  A  ’USER  5  CHOCr  LETTER  IT  iS  E«PCCT|0 
THAT  THE  TYPE  Of  ANALYSIS  WXl  BC  OCfINED  OUTSIOC  A 
lACCMC  bubble  some  examples  ARC: 


ANT  FMST-ICTICR.  9  USED  M  CQMBMRTON  WTTH  MOORTINC 
CnTCRS  DCORFCRCNTM.).  riRATlO).  milOMCNTARV).  K(TliC  OF 
OMNCC).  6(jNTCCRATC  OR  TOTALIZE).  OR  ANT  COMBMATlON  OF 
THESE  IS  MTENDCD  TO  REPRESENT  A  NCW  AND  SEPARATE 
MEASURED  VARMlC,  AND  THE  COMORMTION  B  TRCATED  AS  A 
FlRST-LEnCR  ENTITY.  THUS.  MSTRUMCNIS  TOI  ANO  1l  MOCATC 
TWO  ORFCRCNT  variables,  namely.  ENFrCRCNTIAL-TCMPCRATURE 
ANO  TCMPCRA1URC.  MOORVMC  IXHCRS  MC  USCD  AS 
M>PUCA8lC 


-CARBON  MONOXIOC 
-COMBUSTIBLCS 
-DISSOLVCD  KVOROCCN 
-CASEOUS  MVOROCCN 
-SOCXUM 
-MYORAZME 
-MTROGCN  OXOCS 


-DISSOLVCD  OIVCCN 
-CASEOUS  OKYaN 

-Easeous  CHLORINE 
-SMOKE  density 
-SULPHUR  OlOXKie 
-TURBWTY 


e  USE  A  FIRST-LEnER  U  FOR  'MULTMWtUBLT  M  LCU  OF  A 
COMBMATlON  Of  riRSI-LETTCRS  IS  OPTiONH.  TI  IS 
RECOUMEHOCO  that  NONSPCCRIC  WMIMLC  DESIGNATORS  SUCH 
AS  U  BC  USCO  SPARINCLY. 

7.  THE  use  OF  MOORYMC  TERMS  ’HOf .  'lOW.  'UCOLr.  OR 
*MTERMCOurr,  M40  *scAir  s  oruomal. 

t  THC  TERM  ’SATCir  APPLIES  TO  fMCRCCNCV  PROTCCTNC 
PRIMARY  ELEMENTS  ANO  CUERCEMCT  PROTCCTNC  FMAL 
CONTROI  ELEMENTS  ONLY  THUS.  A  Saf-ACTUATED  VALVE 
THAT  PREVENTS  OPERATION  OF  A  FilXO  SYSTEM  AT  A  HRiHER- 
THAN-DCSlREO  PRESSURE  BT  BLEE0P4C  FllXO  FROM  THE 
SYSTEM  IS  A  BACK -PRESSURE -TYPE  PCV,  EVEN  9  THE  VALVC 
IS  NOT  INTINOCO  TO  BC  USCO  NORMALLY.  HLWCVCR.  THIS 
VALVe  IS  OCSICfMiCO  AS  A  PSV  r  IT  IS  WTCnOCD  TO 
PROTECT  ittAMST  CMERaNCY  COnOITIONS  IC  CONOfTtONS  THAT 

are  hazardous  to  personnel  ANO/OR  COUMICNT  ANO  THAT 

ARE  NOT  EXPECTED  TO  ARISE  NORMALLY 

«.  THC  PASSIVC  function  C  APPLIES  TO  MSTRlWCNTS  OR  OCVCCS 
THAT  PROVOC  AN  UNCALIBRATCD  VIEW.  SUCH  AS  SIGHT  CLASSES 
ANO  TELEVISION  MONHORS 

10.  'MOlCATr  NORMALLY  APPLIES  TO  THE  READOUT -ANALOG  OR 
OiCnAi-Or  AN  ACTUM.  MCASURCMCNT  M  THE  CASE  Of  A 
MANUAL  LOADER,  IT  MAY  BC  USCO  FOR  THE  DIAL  OR  SCTTMC 
BNNCATION.  I  C  .  FOR  THE  VALUE  OF  THE  MITMTINC  VARIABLE 

It.  A  P«.OT  vem  that  S  part  of  an  MSTRUMCnT  LOOP  SHOULD 
BE  DESIGNATCO  by  A  FXtST-LCTTCR  FOUOWCD  BY  THC 
SUCCCCOMC-ICTTCR  L  FOR  CXAMPlC.  A  PIOT  LIGHT  THAT 
•RMCATCS  AN  EXPIRED  TMC  PCRlOO  SHOULD  BC  TAOCtO  ROL. 

B  n  S  OCSMCO  TO  TAG  A  PX.OT  UCNT  THAT  S  NOT  PART  OF 
m  BISTRUMENT  LOOP.  IHC  LiCHl  IS  OCSIGNATtO  M  TiC  SAMC 
WAY.  FOR  CXAMPLC.  A  RUNMNC  UCNT  FOR  AN  aCCTRiC  MOTOR 
MAY  BC  TACCCO  CL.  ASSUMMC  VOLTAGE  TO  BC  THE  APPROPRIATE 
MEASURED  VARtABLC.  OR  Yl.  ASSUIBNC  TMI  OPCRATMG  STATUS 
S  BCMG  MOMTORED  THE  UNCLASSBCD  VARIABLE  X  SHOULD 
BC  USCD  ONLY  FOR  APPIICATKINS  «MCH  ARC  LRBTED  M 
CX1CN1  IHC  DCSNMATION  XL  SHOULD  NOT  BC  USCO  FOR  MOTOR 
RUNNMC  LIGHTS.  AS  THCSC  ARC  COMMONLY  NUMCROUS  R  IS 
KRMISSIBLC  10  USE  THE  USER’S  CHOICC  LCTTCRS  M.N  OR  0 
FOR  A  MOTOR  RUNNINC  LIGHT  WHtN  IHC  MCAMNC  6 
PRCVIOUSLT  OCriNCO.  B  M  1$  USCO.  TT  MUST  BC  aCAR  THAT 
THC  LCTTCR  DOCS  NOT  STAND  FOR  THC  WORD  'MOTOfT,  BUT 
rOR  A  MOMTORCO  STATE 

12.  use  OF  A  SUCCCEDB4C-LETTCR  U  FOR  'MULTBUNCnOir  B45TCAO 
OF  A  COMBBIATiON  OF  OTHCR  FUNCTIONAL  LCnCRS  S  OPTIONAL. 
THIS  NOFfiPCCBIC  FUNCTION  OCSKMATOR  SHOULD  BC  USCD 
SPARMCLY. 

13  A  DCV:Ct  TH4^  CONNECTS.  DiSCONNECrS.  OR  TRANSFERS  ONC  OR 
MORE  CMCUHS  MAY  BC  CITHER  A  SWRCH.  A  RELAY.  AN  ON-Oft 
CONTROUER.  OR  A  CONTROL  VALVE.  DCPCnOiNC  ON  THE 
APPLCATON. 


B  THE  OtViCf  MANIPUIAUS  A  fimO  PXOCTjS  51f 
N01  A  HANO-ACIUAUO  oh- off  BLOCK  VAlvE  |1 
AS  A  CONTROL  VALVE  ll  IS  INCORRECT  10  USE  U 
SUCCCCDIMC- LETTERS  Cv  FOR  ahYImjnC  OIKR  Ih 
actuated  CONTROL  VALVE  FOR  ALL  APPtCAIKMS 
FLUlO  PROCESS  STREAMS  THC  DEVICC  IS  OCSCNAi 
rOLLWS 

A  SWITCH,  B  IT  IS  AC1IVATCD  BY  HAND 
A  SWITCH  OR  AN  ON-OFF  CONTROLLER  B  H  r 

autoamtc  ANO  is  the  first  such  device  in 

LOOP  thc  term  'SWITCiE’  is  CENCRAllY  USED 
B  THC  OCVCE  IS  USCD  FOR  ALARM,  Pft.01  UCh 
SCUCTION,  INTERLOCK.  OR  SAFETY 

THE  TERM  'CONTROLlEir  IS  GENERALLY  USED  > 
THE  DEVICE  IS  USCO  FOR  NORMAL  OPCRAIINC  < 
A  RELAY.  B  It  IS  AUTOAAATIC  ANO  S  N01  THE  f 
SUCH  DEVICE  M  A  LOOP.  I  E  .  IT  IS  ACTUATED  I 
A  SWITCH  OR  AN  ON-OFF  CONTROLLER 

n  IS  CXPCCTEO  that  the  functions  associated 

Of  SUCCEEOiNC-LEnCR  Y  WILL  BE  DCFWEO  OUTSi: 
ON  A  diagram  when  further  DEFINITION  IS  CON^ 
necessary  THIS  DCFMITION  NCCO  NOT  BC  MADE  y 
FUNCTION  IS  SELF-CVIOCnI.  AS  FOR  A  SaCNOID  v 
FLUID  signal  line 

THC  MOOBYINC  TERMS  ‘HIGH'  AND  'lOW  AND  'MK 
*R(TCRMEDlATr  CORRESPOND  TO  VALUES  OF  THE  L 
VARMBLC.  MOT  TO  VALUES  OF  THE  SCNAL.  'JNLES^ 

noted,  fob  example,  a  hkjh- level  alarm  DCRIY 
A  RCVERSC-ACTMG  level  TRAHSMintR  signal  SM< 
lam.  EVEN  THOUGH  THE  ALARM  IS  ACTUATED  WHEN 

falls  to  a  low  value  the  terms  may  bl  usee 
COMBRMllON  AS  APPROPRIATE 

TK  TERMS  'HOf  ANO  "LOXT  WHEN  APPLBO  TO  F 
VALUES  ANO  OTHCR  OPEN-CLOSE  OCVCES.  ARE  D( 
rOUOWS;  *HM>r  DENOTES  THAT  THE  VALVE  IS  M  ‘ 
i^PROACHINC  THE  FULLY  OPEN  POSITION.  AND  *LC 
TIMT  n  IS  R4  OR  APPROaCHINC  THC  FULLY  CLOSE  I 

THC  WORD  'RECORCr  APPlBS  TO  AMY  fORU  Of  P! 
STOfUCC  OF  RBORMAnON  THAT  PERMITS  RHRCVAL 
MEANS. 

FOR  use  OF  THC  TERM  -TRANSMBTCir  VERSUS  ’CC 
see  OCTBItlONS  M  SECTION  3  OF  REFERCNCE  D0( 

rBTST-LCTTCR  V,  ‘VIBRATION  OR  MCCHAMCAL  ANAL'* 

tncNoeo  TO  pcrforu  thc  outbs  m  machinery 
TmT  me  LcncR  a  performs  m  more  general 
CXCCPT  FOR  vibration,  H  6  EXPECTED  THAT  THE 
OF  BFTERCST  WILL  E)£  DEFINED  OUTSIDE  THE  TACCir 

FWST-LCTTER  Y  is  IMTEMOCO  for  use  WHEN  CON 
monitoring  RESPONSES  ARE  EVENT -DRMCN  AS  OF 
TMC  OR  Tiue  SCHCOUIC-DRIVCN.  THE  lEHER  Y.  P 
POSiTiON.  CAN  ALSO  SICnBY  PRESENCE  OR  STATE 

MOOBYINC- ICnCR  K,  in  COUBMATION  WITH  A  FPS 
SUCH  AS  L,  T.  OR  W.  SlCMFlCS  A  TMC  RATE  Of  ( 
THE  MCASURCO  OR  RRTIATINC  VARIABLE.  THE  VARlU 
FOR  R4STANCE.  MAY  REPRESENT  A  RaTC-OF-WCK>i 
CONTROLLER 


1  THE  PURPOSE  OF  IMS  SHEET  IS  TO  PRESENT  A  BASIC  OCFIMTiON  OF  THE  SYSTEM  USED  FOR  BISTRUMCNT 
CENTBOTION  Th«  SHEET  SHOULD  PROYCC  SUFFClENT  RBORMATKIN  10  ALLOW  MOST  USCRS  TO 
UNOERSTANO  The  MSTRUMCNT  REPRESENTATION  USED  ON  THE  ASSOCIATED  P  B  IDS 


OVCRS  Ail  AMALYSCS  NOT 
NOICr  lEITm  IT  IS  CIPCCTCO 
>  Will  BC  OCrMCD  OUTSJDC  A 
MPlCS  ABC. 

DC  O  -DlSSOtVCO  OIYCCN 

02  -GASCOUS  OXYCCN 

OCCN  pH  .BH 

CCN  tL2  >CAlSCOi;S  CHLOMNC 

SMOMC  DCNSTY 

S02  -SULPHUR  OlOlOC 

TRB  -Turaorr 

*tlUlTMWMBir  M  UCU  or  A 

CBS  IS  OPTIOIML  n  IS 

CrC  VMBMOIC  DCSiCiaTOBS  SUCH 


US  •MK>f .  -loir.  *Mcor.  or 

n  OPTIOMM.. 

10  cycRaNCv  protcctnc 

RCCNOr  PROTCCrM  riMAL 
HUS.  A  Sar-ACTUAICO  VALVC 
yf  A  riuo  SYSTEM  AT  A  H«HCR- 
r  OUCOMC  niAO  FROM  THC 
t-rtpt  pcv.  ivcN  r  ihc  malvi 
0  NOBHAUV.  HONCVCR.  IMS 
"SV  r  f?  IS  MTCNOCO  TO 
r  CONDITIONS  IC  CONDITIONS  THAT 
«L  ANO/OB  COUPUCin  AND  THAT 
:  NORMALLY. 

Puts  10  MSTRIMCNTS  OR  OCVCCS 
ICO  MCW.  SUCH  AS  SIGHT  CLASSCS 


R  THC  OCVICC  MANiPUtATCS  A  ftUK)  PROCtSS  STRCAU  AND  l$ 
NOT  A  HAND- actuated  ON- OIF  BLOCK  VAIVC  IT  iS  OCSICNATCD 
AS  A  control  VALVC  I!  1$  NCORRCCT  10  USE  THC 
SUCCECOINC-LCTICRS  CV  FOB  ANYTMRiC  OTHIR  THAN  A  StlF - 
ACTUATED  CONTROL  VALVT  FOB  Ail  APPlOTlONS  OTHER  Than 
FLUID  PROaSS  STRCAAIS  THC  OCVTCC  IS  DCSICHATCO  AS 
FOLLWS 

A  SYVrrCH.  R  IT  IS  ACTIVATCD  BY  HAND 
A  SWITCH  OR  AN  ON-OFF  CONTROLlCR  IF  B  IS 
AUTOMATIC  AND  IS  THC  FMST  SUCH  OCVICC  M  A 
LOOP  THC  TCRU  ’SwtTCiF  IS  CCNCRAILY  USCD 
r  TMC  OCVCC  IS  USCD  FOB  ALABU.  PR.OT  LIGHT. 

SIUCTON.  MTCRlOCK.  OB  SAFCTY. 

THC  TCRU  'CONTROlLCr  IS  CCNdUiLY  USCD  IF 
THC  OCVICC  IS  USCO  FOB  NOBMAL  OPCBATMG  CONTROL 
A  BtLAY.  r  IT  IS  AUTOMATIC  ANO  S  NOT  ThC  FRIST 
SUCH  DCVCC  M  A  LOOP.  I.C  .  IT  IS  ACTUATED  BY 
A  SWITCH  OB  AN  ON-OFF  CONTROLLCR 

14  IT  IS  CKPCCTCO  That  ThC  functions  ASSOCMLTCD  with  THC  use 
OF  SUCCCCDMC-LCnCB  Y  WILL  BC  DCFtlCO  OUTSlOC  A  BUBBLE 
ON  A  OMCJUM  WHCN  FUBIhCR  DEFINITION  S  CONSIOCRfO 
NCCCSSABY.  IMS  DCFIMTION  NEED  NOT  BE  MAOC  WHCN  THE 
FUNCTION  IS  SCLF-CVIOCnT  AS  FOB  A  SOLCNOO  VAlvf  M  A 
FLUID  signal  lINC 

IS.  THC  MODBYINC  TERMS  'MGiT  ANO  'LOW  ANO  'MODir  OR 
*INTCRMCDiATr  CORRESPOND  TO  VALUES  OF  ImC  UCASURCD 
VABIABLC.  NOT  TO  VALUES  OF  THC  SiCIML.  'JNlCSS  OTHERWISE 
NOTED.  FOR  CKAUPU.  A  MCH-lCVCL  ALARM  DCRNCO  FROM 
A  RCVCRSC-ICTMG  level  TRANSUinCR  signal  should  BC  AN 
LAN.  EVEN  THOUGH  THC  MABU  IS  ACTUATCO  WHEN  THC  SCNN 
falls  to  a  low  VSALUC  THC  TERMS  MAY  BL  USCO  M 
COMBINATION  AS  APPROPRiATC 


27  SuCCCCDwC-imCR  K  IS  A  USERS  OPTION  FOR  OCSICNAIINC 
A  CONTROL  STATION.  WHUt  TmC  SUCCCCOiNC- iCnCR  C  IS  USED 
FOR  OCSCRiewC  automatic  OB  MANUAL  CONlRaiCRS 

2D  A  TEST  CONNCCIlON  IS  A  PROCESS  CONNECTION  TO  WHICH  NO 
MSTRUUCnT  is  permanently  CONNECTED.  BUT  WHCH  IS 
MTCNOCO  FOR  tCMF>ORAirr.  MTCRUtnCNT.  OR  FUlUBC 
CONNCCIlON  or  AN  rfstrumcnt 

PP  -DCSICNATCS  A  POM!  FOR  PRESSURE  MCASUREMCNT 
TW  -DCSICNATCS  EMPTY  IhCRMOWELL 
FP  -DCSICNATCS  flow  point  WITH  UFOlSTAilCO  CiCUCNT 
(OBIFACC  FLANCCS  WITH  NO  PLATE) 

AP  -DCSICNATCS  A  FABBICATCO  CONNECTION  DCDCATCD  TO 
AN  ANALYSIS  SUCH  AS  A  VAiVCO  SAMPLE  NOZZLC 

24  valves 

-IF  A  DCWC  MANIFnAATCS  A  FLUIO  PROCESS  STREAM  AND  IS 
NOT  A  MANUALLY  ACTUATED  ON-OFF  BLOCK  VALVC.  IT  SHALL 
BC  OCSCNATCD  AS  A  CONTROL  VALVC 

-A  HAND  CONTROL  VAlVC  HCV  IS  A  MANUALLY  ACTUATCO 
VALVE  THAI  MODUULTCS  (THROnitS)  A  PROCESS  STREAM 

-SOiCNOR)  VALVES  IN  PNEUMATIC  SWlTCMNC  SCRVlCC  SHALL 
BE  DCSCHATCD  as  Y.  IC  .  FY.  HY.  Xf.  nC  SOLCNOlO 
VALVES  M  PROCESS  STREAMS  SHALL  BE  OCSICNATEO  V. 

It  .  rV,  MV.  iw.  lie 

-MOTORl2tO  VALVES  ARE  DCSICNATCO  THC  SAME  AS  OtHfR 
CONTROL  VALVES.  1 C .  FV.  PV.  MV.  ETC 

-AN  ON-OFF  VALVE  REMOTtlY  CONTROLLED  BY  A  HANO- 
SWITCH  IS  DCSICNATCO  AS  A  FMNO  VALVE  HV. 


i  TO  THC  readout-analog  OR 
JRCMCNT  M  the  CASC  OF  A 
USCO  FOR  the  dial  OR  SCHlNC 
LUC  OF  THC  RRIIAIMG  MARMBlC 

or  m  mstruiient  loop  should 
LCncR  rouoRCO  by  the 
CXM^C.  A  P«.OT  UCH1  THAT 
PCRIOO  SHOULD  K  lAOCtO  ROL. 
^OT  LIGHT  THAT  tt  NOT  PART  OT 
ICHT  IS  OCSICMATCO  M  INC  SAUC 
NC  UGNT  rOB  AN  CUCOBC  MOTOR 
C  V0L1ACC  TO  BC  the  APPROPRMTC 
ASSUUMC  THE  OPOUTMC  STATUS 
4ClASSrC0  WMMBU  R  SHOULD 
IRMS  WMRX  ME  LRRTCD  M 
SHOULD  NOT  DC  LISCO  TOR  MOTOR 
4RC  COMMONLY  NUHCROUS.  IT  S 
4rs  CHOCf  LCTTCRS  M.N  OR  0 
T  WHCN  INC  ICAMNC  6 
;  USCO.  IT  MUST  BC  aCAR  THAT 
)  rOR  THC  WORD  *MOTOr.  BUT 


R  U  rOR  *WUlT«UNCTDir  mstcao 
<  rUNCTtOFML  LCnCRS  s  optional. 
OCSICNAIOR  SHOULD  BC  USCO 


SCONNCCTS.  OR  TRANSrCRS  ONC  OR 
R  A  SWITCH.  A  RCUY.  AN  ON-OFT 
VALVC.  DCPCNOING  ON  THC 


If  TMC  TCRMS  “MC»r  ANO  'lORr  WHCN  APPlRO  TO  POSHlONS  Of 
WALUCS  ANO  OTHCR  OPEN-CiOSC  OCVICCS.  ABE  DCFMCO  AS 
FOLLOWS;  *MGH*  DCNOTCS  THAT  THC  VALVE  IS  M  OB 
APPROACHMC  TMC  FULLY  OPEN  POSITION.  AND  ’LOW  DCNOTCS 
THAT  n  IS  M  OB  APPBOACMNC  THE  FULLY  CLOSED  POSlTON 

IT.  THC  WORD  *RtCORtr  APPlCS  TO  ANY  FORM  OF  PCRUANCNT 
STORACC  OF  MFORMAIXW  THAT  PERMITS  RETRlCVAL  BY  ANY 
MEANS 

IB.  FOR  USE  OF  THC  TERM  MRANSMincr  VERSUS  *CONVCRTtr. 
see  OCTBBIIONS  M  SECTION  3  OF  RCFCRCNCC  DOCUUCNT. 

If.  FAST-LCTTIR  V.  ‘VIBRATKTN  OR  MCCHAMCAL  ANALYSST.  IS 
•FTCNDCO  TO  PERFORM  THC  DUTIES  M  MACHINCirY  UONlTOBlNC 
THAT  INC  UnCR  A  PERFORMS  IN  MORE  CCNCRAL  ANALYSES 
CXCCPT  FOB  VIBRATION.  H  IS  ClPfCTCO  TIMT  THC  VARIABLE 
or  BlTCBtST  WHL  BC  DCFINCD  OUTSOC  THC  TACCINC  BUBBlC 

20  FMST-irrnB  Y  is  mtcnoco  fob  use  when  control  or 
MOMTOBMC  RESPONSES  ABC  CVCNT-DBIVCN  AS  OPPOSED  TO 
TIME  OB  TRIC  SCHCOUlC-OBNEN.  THC  LETTER  Y.  M  THIS 
POSITION.  CAN  ALSO  SICNBY  PRCSCNCC  OR  STATE 

21.  MOOTYMC-LCTrCR  K,  IN  COMBMATIQN  WITH  A  FWST-LCnCR 
SUCH  AS  L.  T.  OR  W.  SICMFICS  A  TIME  RATE  OF  CHANCE  OF 
THC  MCASUBCO  OR  MTHTmC  VABIABLC.  THC  VABIABLC  WKIC. 

FOR  mstancc,  may  RCPRCSCNT  a  RATC-OF-WCICMT-IOSS 
CONTROLLER 


HAND  ELECTRIC  SWITCH  DESIGNATIONS 


E 

-CMCRCCNCY  STOP 

J 

-JOC 

t/J 

CMCRCCNCY  STOP/JOC 

2PBL 

-2  PUSH  BUnONS  (ON-OFF)  MOMCNTARY  WOH 

BACK  LiCHT(S) 

2pe 

-2  MOMENTARY  PUSH  BUTTONS  (ON-OFF) 

S/J/R 

-SIOP/JOC/RUN 

Sw 

-SCI ECTOR  SWITCH 

MOA 

-HAND.  OFF.  AUTO 

USER'S  CHOICE  DESIGNATIONS 
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s  A  users  OPTION  rop  ocsiowtimc 

•He  INC  SUCCECCMNC-lCTTCR  C  IS  USED 
^TC  OA  UMHIAL  CONTRaiCrS 

A  PROCESS  connection  TO  «HCH  NO 
NTLY  connected.  tUf  »HCN  IS 
(f1,  MTERUinENT.  OR  fUTURC 
iRUUCNT 

^T  rOR  PRESSURE  UCASURCMCNT 
-’Tt  thermowell 

m  PDMT  WITH  IffOtSTALLED  CLEMENT 
.ES  MTH  no  PUTC) 

ABRCATED  CONNECIION  OEDICATEO  TO 
JCH  AS  A  ¥W.VtO  SAMPLE  NOZZLE 


AiES  A  ELUO  PROCESS  STREAM  AND  IS 
fUATCO  ON-OEf  RiOCK  WAiVC.  IT  SHALL 
CONTROL  MN.VI 

IVt  HCV  IS  A  MANUM.lv  actuated 
(S  (THROniES)  A  PROCESS  STREAM 

pneumatc  swtchrig  servce  shall 

1 1 .  rv.  NT.  nc  SOLCNOO 

STREAMS  SHML  DE  OCSiCNATEO  V. 


n  OCSICNATED  THE  SAME  AS  OTHER 
.  rv.  PV.  TN.  ETC 

MOTELY  controlled  9t  A  HANO- 
AS  A  HAND  VMVl  rN. 


SWITCH  DESIGNATIONS 


OP/ JOG 

rONS  (ON-OPF)  momentary  WTH 
f  PUSH  BUTTONS  (ON-OFF) 


OICE  DESIGNATIONS 


(p 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 

KnoawNt,  TfAn««ttt 

U.S.  ARMY  ENVIRONMENTAL  CENTER 
A8ERDEEN  PROVING  GROUND.  MAF:r>ND 


AREA  00 

PIPING  IE  INSTRUMENVATION  DIAGRAM 
INSTRUMENT  tDENTinCAPON 


_ [REV 

I  A 


PROJ.  NO. 
322243 


DRAWING  NO. 
D-00-11-001 


12 


11 


10 


9 


16 

_ 1 _ ]1 _ 1 _ 

GENERAL  INSTRUMENTS  | 

o 

MSTRUMCNT  FOR  SMGLE 

MEASURED  variable  AND 

ANY  number  or  functkms 

MSTRUMCNT  IS  rCLO 

MOUNUO 

© 

MSTRUMCNT  IS  MOUNTED  M 

FRONT  OF  LOCAL  PANCL. 

G 

MSTRUMCNT  IS  MOUNTCO  M 

REAR  OF  local  PANEL 

SHARED  DISPLAY  OR  MRTUAl  (SOFTWARE  BASED) 

IttllOtC  Off  MINO 
MOtCAfOff/CONIffOlLCff 


AUXfflARV  OPCffATORS 
MUfffAa  OCVKC 


CON  Iff  01  ffOOM  iMXCAlOff/ 
CONlffCXLtff/fflCOffOCfl  Off 
ANNUNCtAIKW  POWl 


cowPUTCff  ruNcnoN 


PROCffAMMABlC  lOCIC  CONina 


C  (MOTT  B) 
Cl  C) 


14  I  13 


TYPICAL  CONNECTION  ANY  VARIABLE  (CONfD) 


SENSORS  -  LEVtL 


Diffccr  coNNCcnoN  proccss 

BIOCK  VAlVt  SYMOOl 
OPIKWAL 


ClCCIfflCAL  C0NNCC1I0N 


fULtO  5YSUM 
OtffCCI  C0NNCC1I0N 


SENSORS  -  PRESSURE 


DIffCCT  CONNCCTIO 


WIH  OlAPHffACy  SIAl  PIPC 
MOUNTIO 


WITH  DtAPHRACtl  StAL  LMC 
MOUNTED  (FLANCCD) 


GACC  CLASS.  CYTIRNAI 
FLOAT,  D«SPlAaMCNT 
DirriffCNTtAL  -PRESSURE 
TYPE  LE^L  INSTRUMENT 


"VALVES  USUALLY  SHONN 

IF  larger  than  r 


mtcrnal  ball  float 


OMIT  FLANGE  IF  SCREWED 
CONNECTION  ( TYPICAL ) 


INTERNAL  ball  FLOAT 


SENSORS  -  FLOW  (NOTE  2) 


MULTIPLE  PROBE 


CONTACTMC  PROBCr 

CONOUCTI^  TAPE 
CAPAOTANCE 

conolx:tanc£ 

optical 

VnRADNC 


external  OIAPHRACM 


VALVE  NOTA 

NOTE 

FAIL  POSITIONS  All  B 
FO-WDICAIES  FM.  CX 
FC-WOlCATIS  fail  Cl 
FL-INDlCATtS  FAIL  10 
FI-INOICATIS  FAK.  IND 

normal  mode  lOENllF 
SHOULD  ONLY  BE  UW 

valves  whose  Posin 

BY  SHADING  THE  VA\^ 


NOfT  4  9^om  on  the  upper  and  lower  left 

HAND  SOC  WU.  BC  THE  DISPLAY  SUCH 
AS  ON/orr.  OPEM/aosco.  sct/reset. 

IAN.  LAI.  lOA  (SEIPOWT  DEVIATION) 

IDA  APPlCS  TO  MRtUAL  (SOTTWAffE) 
ALARMS  ONLY  ll  1$  UNOCRSTOOO  THAT 
A  MRTUAL  SWITCH  C»STS  WITH  A  LMOUC 
TAC  NUMBER  FOR  THE  LOOP 

NOrr  B  ClECTRlCAL  AND  HAND  SWITCH  DESIGNATION 
WILL  BE  SHOWN  ON  TK  UPPER  RiOlT 
NANO  SlOC 


NOfr  C  PANEL/CONSOLC  MSCNATlON  WN.L  BE 

»40«N  ON  INC  LOWER  RIGHT  HAND  SAC 
t  NO  PANEL  IS  OCSIOIATCO.  THE  SMTCH 
OR  display  WU  appear  ON  THE  CONSat 

M  THE  AREA  Of  THE  ORAWINC  ON  WHICH 
THE  SYMBOLS  APPEAR 


SIGNALS  AND  UNES 


-  CONNECTION  TO  PROaSS  OR 

instrument  rtput 

— —  PNEUMATIC  SIGNAL 


ELECTfffCiV.  SIGNAL 


internal  system  L»4K 
(SOrTWARE  OR  DATA  lff«() 


capillary  iubmc 
(FUCD  SYSTEM) 


ClCCTWCAi  LMC 
MEOTAMCAl  LMK 


TYPICAL  CONNECTION  ANY  VARIABLE 


^Qh 


COEOOOO?  I0/IJ/S4  7:S4om  JWH 


HkH 

HSH 


FC  -  ORWia  PLATE 


VENTURI  TUBE  OR 
FLOW  nozzle 


PITOT  OR 
VENTURI  TUBE 


TARGET  TYPE  SENSOR 


& 

H34 


SENSORS 


TEMPERATURE  (NOTE  4) 


D  .  IHCRMOMCTER 
rw  >  tmcrmowcll 

<BI  -  METAL  OR  CLOSE 
COUPLED  FULEO  SYSTEM) 


0© 


RTD  (r  ARPLICABlC} 
SiNaE  sensor  m  lacLL 


CXiAL  SENSORS  M 
SMGLE  WELL 


FRIED  SYSTEM  WTH 
CAPILLARY  (REMOTE 
mounted  MSTRUMCNT) 


VALVE  NOTATION 

motor  actuated  val\€5  (Typical) 


magnetic  flow  meter 


in  line  MSTRUMCNT  J) 


FLOW  TOTALIZER  R«)iCAT0R 


VORTEX  SENSOR 


SIGHT  FLOW  METER 


I /  «i - NORMAL  mode  (see  ftore  aeiow) 

C  - FAR.URE  MOOE  -  FO.FC.Fl.n 

PIAPMRACM  actuated  valves  (TYPICAL) 


>  MnRwAi  Monc  (see  Nore  eeiow) 

■  FAILURE  MODE  -  FO.fC.FL.Fl 


<^-f 


VAlVt  boot  ' 
typical 


I  VAL^-BOOT  ports  that  are  closed  in  normal  operation  arc  BLACNENtO  THE 

OPfRAIMC  CCROTlON  SHOWN  FOR  MAM  VALVE  BODIES  CORRESPONDS  TO  FUU-LOAD 
OR  NORMAL  OPERATION  RECAROiCSS  OF  THE  TtPC  OF  ACTUATOR  SOLCNOR)  PROT 
VAIW  SMALL  BE  SIKMN  M  THEM  DCCNCRO7C0  P09TION 

J  OCMRFT  both  the  actual  ELCMCNT  RMOI  is  placed  M  the  LMC  ANO  the  MSTRUMCNT 
UNLESS  the  OCwa  IS  one  unit 

FC  ORiriCC  KATE  FT  IRANSWiTTCR 

FT  MACNCIlC  FlOMICTEff  WITH  MTECffAL  TRANSMITTER 


3  THE  TYPE  Of  FlOW  MSTITUMENT  IS  USUALLY  NAMED  OUTSlOC  THE  MSTRUUCnT  CiRClE 
EC  MACNCRC  FlOxMETCff.  OISPlACEMENT  METER  MASS  FLOWMETER 

4  lAC  THE  TMERMOKLL  SEPARATELY  #  IT  IS  REMOTE  MOUNTED  FROM  THE  INSTROMEN! 

TW.  TIC  REMOTE  CAPRLARY 

D  dial  IKRMOMCTER 

TE.  TT  thermocouple  AND  TRANSMITTER 

TT  TRANSMITTCR  BUXT-M  TO  THERMOCOUPLE  HEAD 


l-Kj  ^  I 


S£NSORS  -  LEVEL 


VALVE  NOTATION  (CONtP) 


VALVE  NOTATION  (CONtP) 


SQf-ACTlVATI  DEVICES  -  PRESSURE  (CONH)) 


CACt  CtASS.  CxTTimAl 
riOAT.  OtSPlACCMENI 
DIF  r  (  Rt  N  n  AL  -  Pftc  SSUAE 
TYPE  UNCL  WSlRUUtNT 


NO!t 

FAIL  POSillONS  ail  body  StYlfS 
ro-wDiCAifs  fm.  open 
FC-INDICATIS  fail  closed 
FL-INDICATES  FAJL  LOCKED 
FI-INOlCATTS  FAH  INQE  TERUINA1C 


normally  closed  mth 
HANDMAlCEl  OPERAIOR 


VALVES  USUALLY  SHOWN 
V  lAACCR  1HAN  I' 


normal  mode  lOENItFlCAnON  (IE  NO  NC  ) 
SHOULD  ONLY  BE  USED  FOR  ON-OFF  lYPE 
VALVES  WHOSE  POSmON  CANNOl  BE  SHOWN 
BY  SHADING  the  VA\«  boot  (NOTT  \) 


control  valve  bogies 


NORMALLY  aOSCD  MTH 
MIN  AND  MAK  STOPS 


INICRNAL  BALL  FLOAT 


OMIT  riANCE  W  SCREWED 
coNNCCnON  { typical) 


IN1ERNAL  BAIL  FLOAT 


MLILTIPLe  PROBE 

If 

contactmc  probe 

Y  Y 

COMOLKTIIC  TAPE 

CAPAOTANCE 

coNOuciANa 

optical 

^  t 

VIBRATTNC 

external  CNAPHRACU 

St 

SELF- ACTIVATED  DEVICES  -  PRESSURE 


PRESSURE  RE0UC1NC 
RECULATOR  MTH  EXTERNAL 
PRESSURE  TAP 


BACKPRESSURE  REGULATOR 
WITH  external  pressure 
TAP 


DlTFERENnAl  PRESSURE 
REDUCING  regulator 
WITH  internal  and 

external  pressure  taps 


three  way  (NOTT  I) 


PRESSURE  REDUCING 
RECULATOR  SELF  CONTAINED 


(ARROW  SHOWS 
Dt-ENERCireO  PATH) 


FOUR  WAY  (MO IT  l) 


BACKPRESSURE  Rf GUI A  TOR 
SElF-CONlAINCD 


(ARROW  SHOWS 
DC-tNtRCiTtD  PATH) 


PRESSURE  RElltr  VAL\< 


TEMPERATURE  (NOTE  4) 


B  -  TnCRMOMCTCR 
TW  -  THCRMOMCLl 
(Bt  -  MCTAL  OR  aosc 
COUPiCO  rCilD  SYSTEM) 


VAlVtS  -  actuators 

hand  or  HANDWHEEL 


SMGLC  SOLCNOO 


MANUAL  RtSCT  AFTER  LATCH 
(OPTKJNAl) 


PRESSURE /VACUUM 
RCLlCr  VALVE  WITH 

riAMC  arrcstcr 


RTO  (W  APPUCABlC) 
SR4GLC  SCWSOR  M  «CU 


PNEUMATIC  CHAPHRaCM  WTH 
POSinONER 


RUPTURE  DISK  OR  SAFETY 
HEAD  FOR  PRESSURE  RCl«F 


© 


dual  sensors  m 

SMaC  WEIL 


aCCTRiC  ANALOG  SIGNAL  TO 
PNCUMADC  VALVE  WITH  I/P 
CONVERTOR  AND  NO  POSITTONCR 


RUPTURE  DISK  OR  SAFETY 
HEAD  FOR  VACUUM  RCLiCr 


FRIED  SYSTEM  WIM 
CAPRIARY  (REMOTE 
MOUNTED  H^STRUUCNT) 


ROTARY  MOTOR  (SHOWN 

typically  with  electric 
SKMAL) 


•  -  SPEED  CONTRa  VALLt 


VALVE  NOTATION 


pneumatic  CYVINOER 
(PNCUMATK  ANALOG  INPUT) 


MOTOR  ACTUATED  VAlTfS  (TYPiCAi) 


SEIF-ACIUATIO  DCVICtS  -  ICVtL 


•  NORMAL  MODE  (StT  MOTT  BClOw) 

FMiuRc  Mooc  «  fo.rc.ri.fi 

(RAPMRACM  ACIUATtO  VALVES  (TYPICAL) 


PNEUMATIC  CYLINDER  SPRING 
RETURN  TO  fail  POSinON 
fOR  ELECTRIC  OR 
PNCtmATtC  FAILURE 


level  RECULATOR 
WITH  MCCHAMCAL 
IR4KACE 


self-actuaho  devices  ■  temperature 


valve  body  with  actuator 
typical  symbols 


■  normal  mooc  (STT  non  snow) 
'  FARURC  MOOC  -  ro.rc.rL.ri 


temperature  REGULATOR 
fUltO  system  type 


normally  open 
NO  POSITIONER 


2'-FC 


L 


SELF- actuated  devices  -  FLOW 
(L^-STREAM  VALVE) 


^->50>V 

(DOWN-STREAM  VALVt)^ 


rotameter  ywth  valve 
self-contained 

(OlffCRENTIAl 
REGULATORS  WUL 
NOT  BE  SMOYPI) 


(UP-STREAM  VMVt) 


rotameter  with  valve 

SCIF-CONIAINCD 
(DIFFFRCNTIAL 
RCCUIATORS  MIL 
NOT  BE  SHOWN) 


FUNCTION  SYMBOLS 

m 

SUMUMG 

0 

AVtRACING 

0 

OIF  FERE NCE 

□ 

0 

PROPORTIONAL 

0 

o 

INTEGRAL 

derivative 

0 

MULIIPIYINC 

0 

OIVIDIMC 

0 

ROOT  EXTRACTION 

0 

exponential 

0 

NONIINCAR  OR 

UNSPCCrCD  FUNCTION 

0 

TIME  FUNCTION 

□ 

HIGH  SELCCTMC 

0 

LOW  SCLCCT1NC 

0 

HIGH  LIMITINC 

0 

LOW  l.MITMC 

0 

REVERSE  PROPORHONAL 

0 

VELOOTV  LIMITER 

□ 

□ 

BIAS 

0 

0 

CONVERT 

_ 1 

1  MISCELLANEOUS  SYMBOLS  | 

PURGE  fluid  and  UTILITY 
SUPPtCS  ARE: 

—i  AS>AIR  SUPPLY 

CS~CAS  SUPPLY 

HS-MYORAUITC  FLUlO  SUPPLY 
NS-MIROCCN  SUPPLY 

ss-stcam  supply 

WS« water  SUPf*lY 

S 

plant  air  REGLA-ATOR 

mUMCNT  IS  USUALLY  NAMED  OUTSNX  THE  MSTRUMCNT  CIRCLE 
ER.  OISPLACEMCNT  meter  MASS  FlOWICTlR 


eparatily  r  it  is  remote  mounted  fROW  The  instrument 


XL  ARY 
METER 

It  AND  transmitter 
BUHl’lN  10  fHERMOCOUPLC  MEAD 


AjlO/l3/$4j  FOR  FMAL  SUBMITTAL  TO  USAEC 


z 


JWH  PA  PA  PA  PA 
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n  Hk«r*in  kf  m*  m 

II  mmt  •«  hm  w>« 

ar  l»  M  MMaM*  •> 

•r  f«vBM  kr  1*^  m  an 

■  Ml  ka  aaad  a>tikl  I*  ti>a 

•(I  la  ralt^  an  aaan^A  AB 


u.s. 

ABERDE 


PIPIN 

C 


PROJ.  NO 


322243 


VALVE  NOTATION  (CONrp) 


SOf-ACTIVATE  DEVICES  -  PRESSURE  (CONH)) 


MISCELLANEOUS  SYMBOLS  (CONTD) 


srir-Aciu*TFo  oc vices  -  now 


NOWMAtit  aosio  WtH 

HAMDMNCCl  OPCRAIOB 


MOWIALlt  aosco  WITH 
MM  AND  WAX  STOP’S 


(UP-STRtAU  VAC VI) 


(DOWN- stream  VAIVE)-^ 


ROTAUCTIR  WIH  VAlVf 
SCIF’CONTAINCO 
(OirrCRENTlAl 
RtOUlATORS  MIL 
NOT  6C  SHOWN) 


y-.fc 

F- ACTIVATED  DEVICES  -  PRESSURE 


(up-stream  VAlVl) 


PtCSSURC  RfDUCMC 
RCCUIATOR  tMTH  tXTERNAl 
PRESSURE  TAP 


rotameter  with  VALVE 
SCir-CONTAMCO 
(OirrcRCNTiAi 
RECUIATORS  WILL 
NOT  BE  SHOWN) 


BACKPRESSURE  RECUIAIOR 
MIH  [XITRNAl  PRESSURE 
TAP 


DRTFRtNnAL  PRESSURE 
REOUCINC  RECUIATOP 
MtM  IN  TERN  AC  ANO 
EXIERNAl  PRESSURE  TAPS 


PRESSURE  RCOUONC 

regulator  self  contained 


BACKPRESSURE  RfCuiAlOR 
self.  CON  tamed 


ROPTURt  Oi»  OR  SAFE  nr 
HEAD  FOR  PRESSURE  RECCF 


ROPTURt  OISR  OR  SAFtTV 
HEAD  FOR  VACUUM  RELIEF 


SPEED  CONTROL  VAC^ 


SELF-aCTUATEO  DEVTCtS  -  LEVEL 


LEVEL  RtOULATOR 
WIH  MECNANICAC 
LMKACt 


SElF-ACTUATIO  Devices  •  ItMPERAKJRC 


tCMPCRATURC  RECULATOR 
FA-LEO  StSTtM  TYPE 


FUNCTION  SYMBOLS 


(U 

SUUUMC 

0 

AVCRAUNC 

0 

DtFFERfMCE 

0 

B 

proportional 

E) 

0 

IN  TI  oral 

0 

DERIVATIVE 

O 

MULTTPLYMC 

0 

OIVTONG 

0 

root  EXTRACTION 

0 

exPONCNTlAL 

0 

NONIINCAR  OR 
UNSPCCVCO  function 

0 

TMC  ruRCTlON 

0 

HKM  SEIECTWC 

0 

LOW  SCLECTTNC 

0 

HIGH  LMTTNC 

0 

LOW  MMITMC 

0 

REVERSE  PROPORTKMAL 

0 

VEIOOTY  LMITIR 

□ 

□ 

BIAS 

0 

0 

CONVERT 
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PURGE  fluid  ANO  UTAITy 
SOPPICS  ARE: 

AS- AIR  $UPf»lV 
GS-CAS  SUPPLY 
NS-HYORAULIC  riLJlO  supply 
ns-mirocen  supply 

SS>StCAU  SUPPLY 
WS-WATER  SUPPLY 


plant  air  RtailATOR 


0=1) 

CEZD 


DCIONAnON  arrestor 

FLAME  arrestor 

TRAP 

recualtid  instrument 

AW  SUPPLY 
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NOTES 


UVtt  ALAJJM  USING  FLOAT  TYPC  SWITCH  ALAWJi  CONDIIION  IS  PART 

or  WltmOCA  2. 


ICVtl  CONTROL  LOOP  USING  A  BUBBtC  TOOL  IN  CONJONCDON  WITN  A 

tCVCL  TRANSMTUR  A  POSlUONCR  IS  USCO  ONLY  ON  lARCC  BUTICRfLT  VAlVtS 


OrrCRCNTIAl  PRrSSURC  MOICATOR  USMC  lYK)  PRtSSURE  IRANStiUTCRS 


PRtSSURC  RtOUCmC  station  using  a  CONTROLIFR  SHOWN  ON  A 
SHARED  OlSPlAY 


SlNGLC  PIN  lEUPCRATURt 
RCCOROCR  W/TMCRWOCOLiPLE 


UUPtRATURf  CONTROL  LOOP  USING  A  IMCRUOCOUPLC  A$  A  SCNSIHC 
tlCuCNT  THC  CONTROL  VALVf  tS  PNEUMATIC  ACTUAllD  WTH  A 
POSITTONCR  CONTROLLER  IS  ON  A  SHARED  DISPLAY 


SMALL 

PRESSURE  CONTROL  I  OOP  USWC  SPLIT  RANGE  CONTR 
LOAD  CONDITION  1H£  SMALL  VALVE  IS  THROTIlING  0^ 
VALVE  IS  throttling.  SMALL  VALVE  IS  OPEN 


REMOTE  TEMPCRTAURE  MOCATOR  SHOWN  CN  A  SHa 
A  THERMOCOUPLE  AS  A  SENSINC  CLEMENT 


REMOTE  flow  INDICATOR  SHOWN  ON  A  SHARFO  OlSf 
ROOT  EXTRACTOR  TS  USED  TO  LINCARlEE  THC  FlOW 
PLATE  IS  USED  AS  A  SCNSMC  CLEMENT 


ZSH  ■ 


OPtNlr^  VI  0PCN[7^-\| 

'^ZSlA  f2SH\  ^ZLHL>  ^ZLHL>  ( ZSh\ 

^  ^"^closeBcloseSV^ 


>^E  I  /  HV^ 

HS  y  j  V,  6JA  i 

.638/ 


CLOSE  aosc 


REMOTE  CPIRAItO  ON-OFF  CONTROL  VALVE.  ON-Off  SWITCH  AND  VALVE 
POSITION  MERCATORS  SHOWN  ON  A  SHARED  DISPLAY  A  LOCAL  EMERGENCY 
CLOSE  TS  MCLUDCD  THE  VALVE  IS  PART  OF  MTERLOCR  SEOUNECE  2 


DOUBLE  aOCK  and  bleed  FOR  CAS  SERVICE  BLOCK  VALVES  ARE  MOTOR 
DRIVEN  OPEN  AND  SPRmC  CLOSED  BLEED  VALVE  IS  MOTOR  DRIVEN  CLOSED 
AND  SPRING  OPEN  ALL  VALVES  ARE  PART  Of  mTERlOCK  2 


ooueie  Block  for  liouio  service  block  valves  af 
OR  UOTCA  ORI^N  OPEN  AND  SPRING  QOSED  DEPCNOi 
materials  all  valves  arc  part  of  interlock  3 
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■ 

m 

M 

QNma  LOOP  usMC  a  imcrwocouplc  as  a  scnsmc 
CMma  vAivc  ts  pncumaic  actuatio  mth  a 
^moLicir  IS  ON  A  shaaco  dispiat 


|^■^l 


jpl 

m 


ANO  BltEO  fO«  CAS  SCAViCt  BlOCA  VAtvtS  ARE  NOIOR 
^0  SPRNC  CIOSEO  BLEED  VAl  VI  IS  MOTOR  DRIVEN  CLOSE 0 
'N  All  VAlVtS  ARE  PART  Of  MlEPlOCK  2 


ro 

SMJ^L  VALVC 

PRESSURE  CONTROL  I  OOP  USlMC  SPLIT  RANGE  CONTROL  VAL^CS  UNDER  LOW 
LOAD  CONDITION  THE  SMALL  VALVE  IS  TLMOTTIINC  ON  LARGE  LOAD.  LARGE 
VALVE  IS  THROTTlMC.  SMALL  VALVE  1$  OPEN 


REMOTE  TEUPCRTAURE  ROCAlOR  SHORN  ON  A  SHARED  DISPLAY  JSWC 
A  THCRMOCOUPIC  AS  A  StNSINC  CUmCnT 


remote  elor  indicator  shonn  on  a  shared  display  the  square 
ROOT  (KIRACTOR  tS  USED  TO  LRCARIZE  TK  ELOR  SIGNAL  AN  ORlflCC 
PLATE  IS  USED  AS  A  SCNSMC  CLEMEN! 


'^ciostSaosc®^ 


DOUBLE  BLOCK  FOR  LKXIlO  SERVICE  BLOCK  VALVES  ARC  EITHER  AlR  OPENED 
OR  MOTOR  ORI\f  N  OPEN  AND  SPRMC  aOSCD  DEPENDING  ON  VALVE  BODY 
materials  all  VALVES  ARE  PART  Of  MTERLOCK  3 
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U.S.  Army  Environmental  Center 
Red  Water  Treatment  Technology 
Test  Plan  and  Site  Preparation 
Aberdeen  Proving  Ground,  Maryland 


KNM585\WP1585V[H-12-95VDn\El 


COMPANY  NAME:  IT  Coiporadon  PRQIBCTNO;  3222« 

PROJECTNAME:  USAEC  SPEC.  NO.: 

LOCATION:  Aberdeen  Proving  Ground,  Maryland  _ WP:  WP1585.8 


8.0  Equipment  List 
Circuiating  Bed  Combustor  System 


Equipment  Number 

Equipment  Name 

B-2001 

Combustion  Air  Blower 

B-2002 

Loop-Seal  Purge  Air  Blower 

B-5001 

Induced  Draft  Fan 

F-2001 

Circulating  Bed  Combustor  (CBC) 

G-2001 

Start-Up  Burner 

H-2001 

Ash  Cooler  Conveyor 

H-2002 

Limestone  Feed  Hopper 

H-2003 

Limestone  Feed  Screw  Conveyor 

H-2004 

Al^O^  Feed  Hopper 

H-2005 

Al^O^  Feed  Screw  ConveyOT 

H-2006 

Hoist 

H-2007 

Limestone  Bag  Breaker 

H-2008 

Al^O^  Bag  Breaker 

H-5001 

Rotary  Air  Lock 

H-5002 

Rotary  Air  Lock 

P-2001 

Cooling  Water  Recirculating  Pump 

S-2001 

Cyclone  Separator 

S-5001 

Baghouse 

T-2001 

Ash  Bin 

T-5001 

Partial  Quench 

T-5002  A,  B 

Dust  Collection  Drum 

X-2001 

Distributor  Plate 

Z-5001 

Stack 

By:  SM 

Equipment  List 

Area  No.: 

Checked:  PA 

rrpcE 

Area  Name:  All  Areas 

Approved:  PA 

Knoxville,  Tennessee 

Date:  01/12/95 

Rev.  No.  (0)  (1) 

Page:  1  of  1 
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U.S.  Anny  Environmental  Center 
Red  Water  Treatment  Technology 
Test  Plan  and  Site  Preparation 
Aberdeen  Proving  Ground,  Maryland 


KN\1585\WP1585'01-12-95VD11VE1 


COMPANY  NAME:  IT  Coxpozalion 

PROJECT  NAME:  USAEC 

LOCATION:  Abcideai  Proving  Ground,  Maryland 


FRQJBCTNO-  322243 
SPEC.  NO.: 

WP:  WP1585.9 


9.0  Equipment  Specifications 


The  equipment  specifications  are  provided  for  the  following  major  equipmrat  in  die  following 


order 


Equipment 

Number 

Equipment 

Name 

Area 

Name 

F-2001 

Circulating  Bed  Combustor 

Combustion  Module  (Area  20) 

B-2001 

Combustion  Air  Fan 

Combustion  Module  (Area  20) 

G-2001 

Start-up  Burner 

Combustion  Module  (Area  20) 

F-2(K)2 

Cyclone  Separator 

Combustion  Module  (Area  20) 

B-2002 

Loop-Seal  Purge  Air  Blower 

Combustion  Module  (Area  20) 

H-2004/H-2008 

A1<>0^  Feed  Hopper  and  Bag  Breaker 

Combustion  Module  (Area  20) 

H-2002/H-2007 

Limestone  Feed  Hopper  and  Bag 
Breaker 

Combustion  Module  (Area  20) 

H-2006 

Hoist 

Combustion  Module  (Area  20) 

H-2005 

Al^O-j  Feed  Screw  Conveyor 

Combustion  Module  (Area  20) 

H-2003 

Limestone  feed  screw  combustor 

Combustion  Module  (Area  20) 

P-2001 

Cooling  Water  Recirculation  Pomp 

Combustion  Module  (Area  20) 

H-2001 

Ash  Cooler  Conveyor 

Combustion  Module  (Area  30) 

T-2001 

Ash  Bin 

Combustion  Module  (Area  30) 

T-5001 

Partial  Quench 

Air  Pollution  Control  (APC) 
Module  (Area  50) 

Baghouse 

APC  Module  (Area  50) 

H-5001 

Rotary  air  lock 

APC  Module  (Area  50) 

H-5002 

Rotary  air  lock 

APC  Module  (Area  50) 

B-5001 

Induced  Draft  Fan 

APC  Module  (Area  50) 

Z-5001 

Stack 

APC  Module  (Area  50) 

T-5002  A/B 

Dust  Collection  Drums 

APC  Module  (Area  50) 

By:  PA 

Equ^nnent  Specifications 

Area  No.:  20/30/50 

Checked:  PA 

rrpcE 

AzeaName:  AHAzeas 

Approved:  PA 

Knoxville,  Tennessee 

Date:  01/12/95 

Rev,  No.  (0)  (1) 

Page:  1  of  1 

LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


SPECIFICATION 


rrcoRP  spec.no. 


SHEET  1  OF  1 


Total  Volume: 


Gal.  Reid  Erected? 


Design  Pressure,  psig 


Design  Temperature,  deg  F 


YES  No.  Units:  ONE 


30-  W.C.  VACUUM 


60-  W.C.  VACUUM 


D 

Design  Shell  Temperature,  deg.F 

500 

E 

Operating  Gas  Row 

5000  ACFM 

S 

Operating  Gas  Residence  Time 

1.7  SECONDS 

im 


lia 


Bed  Material 


Bed  Charge 


Type  Supports: 


Insulation:  REF 


Rreprooofing:  NOf 


Sandblast:  NOr 


I  MANHOLE: _ HIng 


Platform  Clips: 


Pipe  Supports: 


Wind  Load:  110  MPH 


Weiqht  Em 


Item  [Thic 


Shell  1/ 


Distributor  Plate 


Lining  € 


O.D.  40 


Length  3& 


Nozzle  Necks 


Ranges 


Tuyeres 


M.H.  Cover 


Supports  I 


Bolts/Studs 


Nuts 


ALUMINUM  OXIDE 


1.875  LB 


REFRACTORY  UNED  INTERIOR 


NONE 


NONE  Paint: 


Hinged?  X  |  Davrted?  I  Other: 


Ladder  Clips:  |  Insul.  Rings: 


mph  Seismic:  ZONE  3 


lbs.  I  Weight  Full  of  Water:  N/A 


Thicknsa  Mat  I  Cis 


C.S. 


HAST. 


RFRACJ 


Service 


S 


BURNER 


MANWAY 


LOOP«SEAL 


ASH  OUTLET 


THERMOCOUPLE 


SITE  PORT 


NATURAL  GAS 

thermocouple" 

SITE  PORT 

thermocouple" 

MANWAY 


I  Nozzle  to  be  Plugged  or  Blinded  ' 


Mat  I  -  Minimum  Quality 


A-36 


HASTELLOY  276~C 


CASTABLE 


A-36 


A-36 


HASTELLOY  276 -C 


A-36 


HIGH  TEMPERATURE 


Rating  Face  Type 


For  Further  Details.  See  Sheet  No. 


F2001CBC.WK1 


FAN  SPECIFICATION 


BY  I  DATE 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 

CBC 

B-2001 

COMBUSTION 

AIR  FAN 


itcorpspec.no. 


SHEET  1  OF  1 


PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

LOCATION 

"iv  I  APPR  DATE 

PA  11/30/94 


Manufacturer:  *  _ 


[ No.  of  Units:  ONE _ 


Description  of  Gas  and  Materials  Handled: _ A 

Row:  6000  SCFMiS.P.  30~ 

Hours  per  day  operation:  24 _ 


I  Noise  Ra^g  Per  Attached  Noise  Level  Spec.  No 


Model  No.: 


AMBIENT  AIR 

30  Inches  W.G. 


Temp.:  -20/+110  deg.  F  |  Gas  Density:  0.077  Lb/Cu  Ft 


I  WHEEL:  Diameter:  *  Inches 


HOUSING  GAGE  &  MATERIALS:  Scroll 


Performance  Curves:  YES  Curve  No.: 


R.P.M.: _ *  I  B.H.P.  Required: 

BEARINGS:  Type: _ ^ 

SHAFT:  Diameter  at  Bearings:  _ 


Distance  Between  Bearings: _ 


Maximum  Shaft  Speed:  _ _ 


Arrangement:  * 


I  Gage  and  Material  of  Rims:  * _ 


C.S.  Si 


Mfr.  Size  &  Type:  * 


Mech.  Efficiency: 


_ I  Make:  _ * 

♦  inches  I  Diameter  at  Wheel: 


I  Rotatbn: 


18 

T 

S5PPCIAL  FEATURES  REQUIRED:  Ranaed  Inlet  and  Outlet?  YES 

19 

R 

Clean  Out  in  Housing?  YES 

Split  Housing?  NO 

20 

F 

Shaft  Seals?  YES 

Inlet  or  Outlet  Dampers?  NO 

_ I  Blades:  * 

!  I  Tube  (Axial) 


_ I  Weight: 


*  I  Outlet  Velocity: _ ’ 


_ I  Manufacturers  No.: 

heel:  *  inches 


Distance  from  Bearing  to  Fan  Wheel: 


Discharge:  TH _ 

I  Double  Inlet? 
Drain  in  Housing?  YES 


Water  Jacketed  Bearings? 


GUARDS  &  SCREENS 


Vertically  or  Horizontally  Mounted? 


Tubeaxial? _ |  Vaneaxial? _ 

TYPE  OF  INLET  AND  OUTLET:  Streamlined  Inlet? 
SPECIAL  FEATURES  REQUIREDAccess  Doors? 


I  inlet  or  Outlet  Guard?  I  Outside  Belt  Guard? 


Arrangement: _ 

Inlet  Cone? _ 

Support  Legs? _ 


I  Ranged  Inlet  &  Outlet? 


Rotation: 
Outlet  Cone? 
Motor  Hood? 


Other: 


P  Horizontally  or  Vertically  Mounted? _ 

R  Direct  Drive? _ 

P  SPECIAL  FEATURES  REQUIRED:  Safety  Guards? 

L  Description  of  Guard  &  Shutter: _ 

R  Adjustable  Pitch? 


High  Capacity  Static  Conducting  V- Belt  Drive? 
Shutters?  —  |  other: 


TrikT^t^hirpitdh?  ~  I  Automatic  Variable  Pitch? 


I  Furnished  By:  FAN  MFG'R  Elec  or  Steam  Turbine?  ELEC  Direct,  Gear,  Belt  or  V-  Rope? 

ELECTRIC  MOTOR: _ Mfr.:  * _ STEAM  TURBINE:  _ 

Mounted  By:  FAN  MFG^R  Enclosure:  TEFC _ Mounted  By: _ 

Speed: _ * _ rpm  Service  Factor:  1 .4 _ Horsepower: _ h 

Volts: _ 460  _ Temp.  Rise: _ Speed _ rp 

Phase: _ 3 _ Insulation: _ Inlet  Steam  Press.: _ 

Cycles: _ 60 _ Frame: _ * _ Normal: _ ps 

Nominal  Size:  40 _ HP  Est.  BHP  Req*d:  28.4 _ HP _ Max.: _ ps 

SPEED  REDUCERS:  /  ^  ~  Mfr.: _ Backpressure: _  Ps 

Ratio: _ Model: _ Nozzles  Size _ Rj 

Intenral  or  Seoarate?  Class:  Inlet 


_ _ _ _ I  Exhaust  I _ I 

SEE  DRIVER  SPECIFICATION  NOj _ _ _ 


1 1 .  FAN  SHALL  BE  SIZED  TO  OPERATE  BETWEEN  SEA  LEVEL  AND  6000  FEET  ELEVATION. 


ELECTRIC  MOTOR: 

Mounted  By:  FAN  MFG*R 

Speed: _ * _ rp 

Volts:  460 

Phase: _ 3 _ 

Cycles:  60 _ 

Nominal  Size:  40 _ h 

SPEED  REDUCERS: 

Ratio: _ 

Integral  or  Separate? 


R  Elec  or  Steam  Turbine? 

_ Mfr.:  * _ 

R  Enclosure: _ TEFC 

rpm  Service  Factor:  1 .4 

_ Temp.  Rise: _ 

insulation: 


Frame: _ * 

HP  Est.  BHP  Req*d:  28.4 

_____  Mfrj _ 

Model: _ 

Class: 


BELT 

Mfr.: _ 

Model: 


HP 

Water  Rates: 

Lbs/Hr 

rpm 

Vacuum  (if  any): 

Inlet  Steam  Temp.: 

psig 

Normal: 

deg.  F 

psig 

Max.: 

deg  F 

psig 

_ _ 

Rating  Facing  J 

Location 

I  VENDOR  TO  COMPLETE  INFORMATION  MARKED  ■  * 
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LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 

CBC 

G-2001 

START-UP 

BURNER 


AIR  BURNER 


IT  CORP  SPEC.  NO. 


SHEET  1  OF  1 


PROJECT  NAME 


USAEC 


322243 


BY  APPR  DATE 

WMS  PA  11/30/94 


1  QUANTITY 


DESCRIPTION 


Operating  Conditions; 
Off-gas  Temperature 
Combustor  Pressure 
Media 


1 ,300  deg.  F 
0  -  30"  W.C.  Vacuum 
Combustion  Gases 


Design  Conditions 

Off-gas  Temperature 
Combustor  Pressure 
Wind  Load 
Earthquake  Load 
Ambient  Temperature 
Elevation 


2,200  deg.  F 
-2  to  +2  psig 
110  mph 
Zones 

-20  to  110  deg.  F 
Sea  Level  to  6000  ft 


Heat  Release 
Minimum 
Maximum 
Operating 


500,000  Btu/hr 
5,000,000  Btu/hr 
4,000,000  Btu/hr 


Fuel  Gas 


Natural  gas 


No.  of  Burners  and  Type 
Burner 


One,  vortex  type  air  burner  side 
mounted  on  the  CBC  wind  box; 
burner  shall  extend  approximately 
5"  into  the  wind  box.  Turndown 
shall  be  10:1. 


Ignitor 


Burner  to  be  ignited  by  a  spark 
ignitor  utilizing  an  electric  spark. 


Material  of  Construction 


Portion  of  burner  in  CBC  to  be  304 
SS,  or  309  SS,  or  equal. 


G2001CBC.WK1 


LT.  CORPORATION 

POLLUTION  CONTOOL  ENGINEERING 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 

CBC 

F-2002 

CYCLONE 

SEPARATOR 


Total  Volume: _ Gal.  |  Held  Erected? 

Operating  Pressure,  psig _ 

Operating  Temperature,  deg  F _ 

Operating  Shell  Temperature,  deg.F 

Design  Pressure,  psig _ 

Design  Temperature,  deg  F _ 

Design  Shell  Temperature.  deg.F _ 

Operating  Gas  Row _ 

Operating/Maximum  Inlet  Velocity _ 

Grain  Loading _ 

Differential  Pressure _ 

Removal  Efficiency _ 


CYCLONE  SEPARATOR 


BY  I  DATE  I _ REY _ 


IT  CORP  SPEC.  NO. 


PROJECT  NAME 

USAEC 


JOB  NO. 

322243 


DATE 

9/13/94 


YES|  No.  Units:  ONE 

30"  W.C.  VACUUM 

1,600 _ 

350 _ 

60"  W.C.  VACUUM 

2,200 _ 

500 _ 

5000  ACFM _ 

50  /  70  FT  PER  SECOND 

13  GR/DSCF _ 

3"  to  5"  W.C. _ 

95%  MIN. 


Type  Supports: 

Insulation: _ 

Rreprooofing: 
Sandblast: 
MANHOLE: 
Platform  Clips: 
Pipe  Supports: 
Windload:  11 
Weight  Empty: 

Item _ 

Shell _ 

Vortex  Finder 

Lining _ 

O.D. _ 

Length _ 

Nozzle  Necks 
Ranges _ 

M.H.  Cover 

Supports _ 

Bolts/Studs 

Nuts _ 

Gaskets _ 


REFRACTORY  LINED  INTERIOR 

NONE _ _ 

NONE  I  Paint: 

Hinged?  |  Davited?  Other: _ 

I  Ladder  Clips:  Insul.  Rings: 


MPH 

mph|  Seismic: 

ZONES 

* 

lbs.  1  Weight  Full  of  Water:  N/A  1 

Thicknss 

Mafl  Cls 

Mat‘l  -  Minimum  Quality 

1/4* 

C.S. 

A-36 

1/4- 

HAST. 

HASTELLOY  276-C 

6- 

RFRAC, 

CASTABLE 

38" 

120- 

Service 

Mark 

No. 

Size 

OFF-GAS 

A 

1 

28- 

OFF-GAS 

B- 

1 

28- 

SOLIDS  OUTLET 

C 

1 

16- 

POKE-HOLES 

D 

2 

4- 

E 

F 

G 

H 

1 

J 

K 

L  ! 

M 

N 

0 

P 

HIGH  TEMPERATURE 

I  Rating  [  Face  |  Type 


Nozzle  to  be  Plugged  or  Blinded  * 


I  For  Further  Details,  See  Sheet  No.: 


F2002CBC.WK1 


IT  corpspec.no. 


LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 

CBC 

B-2002 

LOOP-SEAL 

PURGE  AIR 

BLOWER 


FAN  SPECIFICATION 


NO 

BY 

DATE 

REVISION 

1 

2 

3 

SHEET  1  OF 


PROJECT  NAME 

USAEC 


JOB  NO. 


322243 


LOCATION 


BY 

WMS 


APPR 

PA 


DATE 

11/30/94 


■1 

Manufacturer:  • 

Model  No.: 

* 

No.  of  Units:  ONE  _ _ _ J 

3 

Description  of  Gas  and  Materials  Handled: 

AMBIENT  AIR 

4 

Flow:  200  SCFM 

S.P.  30 

Inches  W.G.I  Temp.:  -20/+110  deg.  F  |  Gas  Density:  0.077  Lb/Cu.Ft. 

MB 

G 

Hours  per  dav  operation:  24 

6 

E 

Noise  Rating  Per  Attached  Noise  Level  Spec.  No. 

* 

7 

N 

WHEEL:  Diameter:  • 

Inches  |  Gage  and  Material  of  Rims: 

* 

1  Blades: 

* 

■1 

E 

HOUSING  GAGE  &  MATERIALS: 

Scroll 

C.S. 

1  Sides 

C.S. 

Tube  (Axial) 

* 

9 

R 

Performance  Curves:  YES|  Curve  No.:  * 

Mfr.  Size  &  Type: 

* 

Weight:  *  Lbs. 

10 

A 

R.P.M.:  *  1  B.H.P.  Required: 

* 

Mech.  Efficiency: 

* 

Outlet  Velocity:  * 

ft/sec 

11 

L 

BEARINGS:  Type: 

* 

{  Make: 

* 

Manufacturers  No.: 

* 

EB 

SHAFT:  Diameter  at  Bearings: 

* 

inches 

1  Diameter  at  Wheel: 

* 

inches 

13 

Distance  Between  Bearings: 

* 

Distance  from  Bearing  to  Fan  Wheel: 

* 

Maximum  Shaft  Speed: 

* 

■a 

1 

=16^ 

Arrangement: 

* 

Rotation: 

CCW 

Discharge: 

TH 

IQ 

N 

Sinqie  Width?  YES 

Double  Width? 

Single  Inlet?  YES 

Double  Inlet? 

T 

SPECIAL  FEATURES  REQUIRED:  Ranged  Inlet  and  Outlet? 

YES 

Drain  in  Housing?  YES 

MB 

R 

Clean  Out  in  Housing?  YES 

Split  Housing?  NO 

Water  Jacketed  Bearings? 

NO 

20 

F 

Shaft  Seals?  YES 

Inlet  or  Outlet  Dampers?  N  O 

Other: 

GUARDS  &  SCREENS  | 

ma 

22 

Vertically  or  Horizontally  Mounted? 

A 

Tubeaxial? 

Vaneaxial? 

Arrangement: 

Rotation: 

X 

TYPE  OF  INLET  AND  OUTLET: 

Streamlined  Inlet? 

Inlet  Cone? 

Outlet  Cone? 

I 

SPECIAL  FEATURES  REQUIREDAccess  Doors? 

Support  Legs? 

Motor  Hood? 

A 

Inlet  or  Outlet  Guard? 

Outside  Belt  Guard? 

Ranged  Inlet  &  Outlet? 

Other: 

E3 

L 

29 

30 

P 

Horizontally  or  Vertically  Mounted?  __ 

31 

R 

Direct  Drive? 

High  Capacity  Static  Conducting  V-Belt  Drive?  1 

32 

P 

SPECIAL  FEATURES  REQUIRED:  Safety  Guards? 

Shutters? 

Other: 

33 

L 

Description  of  Guard  &  Shutter:  1 

34 

R 

Adjustable  Pitch? 

Automatic  Variable  Pitch? 

1 

35 

_ ^ _ _ _ _ _ 

Furnished  By:  FAN  MFG*R 

Elec  or  Steam  Turbine?  ELEC 

Direct,  Gear,  Belt  or  V- 

Rope? 

BELT 

1 

EQ 

ELECTBIC  MOTQR: 

Mfr.:  * 

STEAM  TURBINE: 

Mfr.: 

Mounted  By;  FAN  MFG’R 

Enclosure: 

TEFC 

Mounted  By: 

Model: 

39 

D 

Speed:  *  rpm 

Service  Factor: 

1 

Horsepower: 

HP 

Water  Rates: 

Lbs/Hr  1 

40 

R 

Volts:  460 

Temp,  Rise: 

Speed 

rpm 

Vacuum  (if  any): 

41 

1 

Phase:  3 

Insulation: 

Inlet  Steam  Press.: 

Inlet  Steam  Temp.: 

42 

V 

Cycles:  60 

Frame: 

* 

Normal: 

psig 

Normal: 

deg.  F 

43 

E 

Nominal  Size:  3  HP 

Est.  BHP  Req’d:  0.9 

HP 

Max. 

psig 

Max.: 

deg  F 

ma 

R 

SPEED  REDUCERS: : 

Mfr.: 

Backpressure: 

psig 

_ 

45 

Ratio: 

Model: 

Nozzles 

Size 

Rating 

Facing 

Location 

46 

Integral  or  Separate? 

Class: 

Inlet 

47 

Exhaust 

48 

SEE  DRIVER  SPECIRCATION  NO.: 

1.  FAN  SHALL  BE  SIZED  TO  OPERATE  BETWEEN  SEA  LEVEL  AND  6000  FEET  EL^ATION. 

50 

N 

51 

O 

52 

T 

IB 

54 

S 

E3 

VENDOR  TO  COMPLETE  INFORMATION  MARKED  “  »  V 
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LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERINC 


FEED  HOPPER 

SPECIFICATION 


itcorpspec.no. 


DATE 

REV. 

SHEET  1  OF  1 

PROJECT  NAME 

USAEC 

AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 

CBC 

H-2004/H-2008 
AI203  FEED 
HOPPER  AND 
BAG  BREAKER 


JOB  NO. 

322243 


EXISTING  OR  NEW? 

NEW 


FUNCTIONAL  DATA 

Application:  Feeding  Aluminum  Oxide 

Material  Handled:  AI203 

Density:  70  -  80  pcf 

Material  Temperature:  Ambient 
Normal  -  Ambient 

Maximum  -  110  deg.  F. 


Normal  - 
Maximum  - 
Capacity: 
Normal  - 
Range  - 
Fed  By: 


Normal  -  50  Ib/hr 

Range  -  10  to  150  Ib/hr 

Fed  By:  Manually  (bags  broken) 

Operations,  Hrs/Day:  12-24 
Location:  Outdoors  or  in  temperaty  bldg. 


Particle  Size:  1/32" 

Moisture:  none 

Discharge  To:  H-2005  AI203  Feed  Conveyor 
Days/Year:  365 


SPECIFICATIONS 

150  Ibs/hr 

3'  x  3’  X  3’ 
sloped  walls. 

Material  of  Construction,  1/4“  A-36  steel. 

Support,  structural  steel  for  independent  supporting  Feed  Hopper  &  Mass  Flow  Feeder. 
Vendor  to  include  Bag  Breaker  System  (H-2008)  and  fugative  emissions  collection  system. 


H2004CBC.WK1 


FEED  HOPPER 

ITCORP  SPEC.  NO. 

LT.  CORPORATION 

SPECIFICATION 

POLLUTION  CONTROL  ENGINEERING 

^9 

BY 

DATE 

REV. 

SHEET 

1  OF 

1 

1 

PROJECT  NAME 

USAEC  1 

AREA  NO:  20 

JOB  NO. 

AREA  NAME:  CBC 

2 

322243  1 

TAG  NO.:  H-2002  /  H-2007 

EXISTING  OR  NEW? 

EQUIPMENT  NAME:  UMESTONEFEED 

NEW 

HOPPER  AND 

3 

BY 

APPR 

DATE 

BAG  BREAKER 

== 

SLM 

PA 

11/30/94 

1 

2 

FUNCTIONAL  DATA 

3 

4 

Application: 

Feeding  Limestone 

5 

Material  Handled: 

Limestone 

6 

Density: 

85  -  95  pcf 

7 

Material  Temperature: 

Ambient 

8 

Normal  - 

Ambient 

9 

Maximum  - 

110  deg.  F. 

10 

Capacity: 

11 

Normal  - 

30  Ib/hr  Particle  Size: 

1/4" 

12 

Range  - 

1 0  to  1 50  Ib/hr  Moisture: 

none 

13 

Fed  By: 

Manually  (bags  broken)  Discharge  To: 

H-2003  Limestone  Feed  Conveyor 

14 

Operations,  Hrs/Day: 

12-24  Days/Year: 

365 

15 

Location: 

Outdoors  or  in  temperary  bldg. 

16 

17 

18 

SPECIFICATIONS 

19 

20 

150  Ibs/hr 

21 

22 

3’x3’x3’ 

23 

sloped  walls. 

24 

25 

Material  of  Construction,  1/4"  A- 36  steel. 

26 

27 

Support,  structural  steel  for  independent  supporting  Feed  Hopper  &  Mass  Flow  Feeder. 

28 

29 

Vendor  to  include  Bag  Breaker  System  {H-2007)  and  fugative  emissions  collection  system. 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

H2002CBC.WK1 


HOIST 

itcorpspec.no. 

LT.  CORPORATION 

SPECIFICATION 

POLLUTION  CONTROL  ENGINEERING  NO 

BY  DATE 

REV. 

SHEET  1  OF  1 

■  ■  ■-  ^  ■■■■•;■  1 

PROJECT  NAME 

USAEC 

AREA  NO:  20 

JOB  NO. 

AREA  NAME:  CBC  2 

322243 

TAG  NO.:  H-2006 

EXISTING  OR  NEW? 

EQUIPMENT  NAME:  HOIST 

NEW 

3 

BY  APPR  DATE 

SUM  PA  10/1/94 

FUNCTIONAL  DATA 

3 

4  Application:  Lifting  Feed  Bags  and  Misc.  Jobs 

5  Material  Handled:  Limestone  and  AI203 

6  Material  Temperature:  Ambient 

7  Normal  -  Ambient 

8  Maximum  -  110  deg.  F. 

9  Capacity; 

10  Normal  -  Varies 

1 1  Range  -  Up  to  5  Tons 

12  Loaded  By:  Manually  Discharge  To:  Platforms 

13  Operations,  Hrs/Day:  DaysA'ear: 

14  Location:  Outdoors  or  in  temperary  bldg. 

15  Cable:  38  ft.  steel 

16 

17 

18 

19 

20 
21 
22 

SPECIFICATIONS 

24 

25  5  Ton  Hoist 

26 

27  Hoist  Moves  in  the  x,y,  and  z  plains. 

28 

29  Support,  structural  steel  for  independently  supporting  Hoist. 

30 

31  Motorized  for  every  direction 

32 

33 

34 

35 

36 

37 

38 

39 

40  _ 


H2006CBC.WK1 


LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERINC 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 

CBC 

H-2005 

AI203  FEED 

SCREW  CONVEYOR 


CONVEYOR 

SPECIFICATION 

NO 

BY 

DATE 

REV. 

1 

2 

3 

. 

ITCORPSPEC.  NO. 


SHEET  1  OF 
PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

LOCATION 


PA  I  11/30/04 


Quantitv: 


S 

E 

C  R 
O  V 
N  I 
D  C 
I  E 
T 


ONE 


Material  Conveyed  ALUMINUM  OXIDE  IA1203 

Density:  70  —  80  lb^3  [  Temperature:  AMB.  degF|  Viscosit 
Moisture  Content:  Dry  X  Wet  _ 


Moisture  Content:  Dry  X _ Wet _ 

Material  Reactions:  NONE  Hardens _ Calcifies 

Corrosion  or  Erosslon  Factors:  MODERATELY  EROSSIVE 

Vapor  Formation:  Yes  No  X  |  Vapor  Collection:  Yes  No  X 

Service  Location:  Indoors  X  Outdoors  X  I 
Location  Description: 


:  Normal:  50  Ib/hr:  Maximum:  1 50 


lOperating  Factor:  hrs/day,  _ days/yr 


Fed  by:  AI203  FEED  HOPPER  H-2004 

Equipment  Operation:  Continuous _ X  Intermittent 

Past  Experience: 


Material  Form:  Sludqe  Solid 


_ cp  I  Partide  Size:  Max. 

_ %  ]  free  Liquid: 

s  Other: 


Other: 


1  /32  Inches  -  Min. 

Yes  No  X 


Vapors  Formed: 


Ib/hr  Elevation  Gain: 


ft.  Horizontal  Conveyance: 


Conveyor  T 


Width: 


I  Discharge  to:  CIRCULATING  BED  COMBUSTOR  F-2001 

On  Demand  _ Reversing  Other:  VARIABLE  SPEED 


SCREW  TYPE 


* 

Inches  Length: 

4 

ft. 

I:  * 

ft./mln.  Incline 

/Decline  ; 

Degrees  from  Horizontal 

N 

S 


22  I  T 

23  R 


1  C 


I  26  T 


7 


o 


29  N 


30 

31  D 

32  E 


33!  T 


A 


Weight:  *  _ _ _ lbs  |  Loaded  Weight: 

Enclosure:  Open _ Covered  X  Sealed  X  Inert  Atmosphere _ OtI 

Ery^iosure  Seal:  HIGH  TEMPERATURE  GASKET 


_ BELT  CONVEYOR 

Support  Type:  Idler  Roller  _ Flat  Plate _ Other: _ 


1^ 


im 


Idler/Plate  Arrangement:  Flat 


Roller  Size:  Inches 


Head  Pulley  Length: 


Tail  Pullev  Lenoth: 


BeItT 


Belt  Cleaner: 


Skirt  Plate:  Yes _ No 


Troughed 


Roller  Soadn 


wmmm 


oughed _ [  Trough  Irydine: _ 


inches  Impact  Roller  Size:  IrKties 


Inches  Head  Pulley  Diameter: 


Inches  Tail  Pulley  Diameter 


Belt  Chevrons: 


Brush  Wire  Other: 


_ lry:hes  |  Skirt  Width: 

CONTINUOUS  FLOW  CONVEYOR 
I  Chain  Pitch: 


Impact  Roller  Spacin 


JJSl 


Bearing  Spacing: 

* 

Inches 

Bearing  Type:  * 

Pan  Width: 

Inches  |  Pan  Depth: 

Inches 

Pan  Thldmess: 

Inches  | 

Attachment  to  Chain: 


r  Roller  Diameter: 


Headshaft  Diameter: 


Tailshaft  Diameter: 


EB3 


7IS 


Roller  T 


Sprocket 


Type  Sprocket 


“ 

Belt/Pan: 

Rollers: 

Idlers:  _ 

r 

CARBON  STEEL _ 

SCH.  80  PIPE.  CARBON  STEEL 
CARBON  STEEL 


ect  Gear  V— Belt 


Enclosure: 

Sprocket: 

Trough: 


CARBON  STEEL 


CARBON  STEEL 


Type:  Direct _ 

Electric  Motor  Make:  * 

Insulation: _ 

Estimated  BHP  Required: 
Speed  Reducer:  Integral 
Model:  * 


Temp.  Rise: 

* 

Separate 


_ degFl 

Nomiral  Motor  Size: 

*  I  Ra^ 


Other: 
Mounted  B' 
Volts: 


/:  VENDOR _ 

460  Phase: _ 3_ 

_ hp  Speed:  1 800 

Mfr:  ♦ 


Frame:  * 

Enclosure: 
:>yde:  60 


52  R 

53  _ 

54  M 

55  I 


■i 

1^ 

58 

CONVEYOR  TO  BE  EQUIPPED  WITH  A  VARIABLE  SPEED  DRIVE. 

Shop  Tests  Required: _ * _ 

Mechanical  Drawing  No*s: _ * _ 

Other: 


■ 


VENDORTO  COMPLETE  INFORMATION  MARKED  * 


H2005CBC.WK1 


I.T.  CORPORATION 

POLLUTION  CONTROL  ENGINEERINC 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 

CBC 

H-2003 

LIMESTONE  FEED 
SCREW  CONVEYOR 


CONVEYOR 

SPECIFICATION 


NO  BY 


DATE 


REV. 


IT  CORP  SPEC.  NO. 


SHEET  1  OF 


PROJECT  NAME 

USAEC 


JOB  NO. 


322243 


LOCATION 


BY 

WMS 


APPR 

PA 


DATE 
11/30/94 


Oiiantitv:  ONE  1 

_ 1 - 1 . . . .  .  .Ill  J  „  ■  -  .  ■ 

WB 

s 

Material  Conveyed:  LIMESTONE 

Material  Form:  Sludge  Solid  ) 

Other: 

n 

E 

npnsitv-  85  —  95  Ib/ft3  1  Temperature:  AMB.  degF|  Viscosity:  _ 

cp  1 

Particle  Size:  Max.  1  /32  Inches  -  Min.  Inches 

c 

R 

Moisture  Content:  Dry  X  Wet 

%  1  Free  Liquid:  Yes  No  X  % 

s 

0 

V 

Material  Reactions:  NONE  Hardens 

Calcifies 

Other: 

6 

N 

1 

norrosion  or  Erossion  Factors:  MODERATELY  EROSSIVE _ _ _ — - — - 

7 

D 

C 

Vnnor  Formation:  Yes  No  X  1  Vapor  Collection:  Yes  No 

X  1  Vapors  Formed: 

_ 

8 

1 

Service  Location:  Indoors  X  Outdoors  X  I  .  - — - 

n 

Location  Description:  _ _ _  . 

1 

■il 

rj^naritv  Normal!  50  Ib/hr  Maximum:  150  Ib/hr 

Elevation 

Gain: 

0  ft.  1 

Horizontal  Conveyance:  *  ft.  I 

0 

P 

Ooeratina  Factor  hrs/day.  dayg/y^J _ _ _ _ _ — — 

N 

R 

Perihv  LIMESTONE  FEED  HOPPER  H -2002 

1  Discharge  to:  CIRCULATING  BED  COMBUSTOR  F-2001  1 

s 

T 

Eauioment  Operation:  Continuous  X  Intermittent 

On  Demand 

Reversing 

Other:  VARIABLE  SPEED 

N 

(i 

_ ^ _ _ _ _ _ _ _ _ _ 

Com 

/evorTvoe:  Belt  '  Roller  Pan  Apron 

Drag  Flight 

Other:  SCREW  TYPE  1 

17 

Width:  * 

Inches 

Length: 

4 

ft. 

18 

c 

Spe< 

5d:  * 

ft./min. 

Incline 

/Decline  ; 

Degrees  from  Horizontal 

MB 

Were 

iht:  * 

lbs 

Loaded  Weight: 

* 

lbs 

RSI 

Enclosure:  Ooen  Covered  X  Sealed  X 

Inert  Atmosphere 

Other: 

?1 

s 

Enclosure  Seal;  HIGH  TEMPERATURE  GASKET  - — . . 

?? 

T 

BELT  CONVEYOR 

R 

Sun 

!iort  Tvoe:  Idler  Roller  Flat  Plate 

Other 

24 

u 

Idler/Plate  Arranoement:  Flat  Troughed 

Trough  Incline: 

Degrees 

c 

Rollf 

irSiTo-  Inches  1  Roller  Soacina;  Inches  1  Impact  Roller  Size: 

Inches  I  Impact  Roller  Spacing;  Inches 

T 

Head  Pullev  Lenoth: 

inches 

Head  Pullev  Diameter: 

Inches 

1 

Tail  Pullev  Lenoth:  Inches 

Tail  Pullev  Diameter: 

Inches 

0 

Belt  Tvoe: 

Belt  Chevrons: 

_ Iffis; _ 

29 

N 

Belt  Cleaner:  Type;  Scraper  Brush 

Wire 

Other: 

leg 

H| 

Skirt  Plate:  Yes  No  1  Skirt  Depth: 

Inches  i 

Skirt  Width: 

lrx±ies 

Kn 

Ri 

CONTINUOUS  FLOW  CONVEYOR  _ 

32 

E 

Chain  Tvee: 

Chain  Pitch: 

inches 

33 

Pan  Tvpe:  ..  . . . . . . — — — - -1 

E3 

Inches 

Bearing  Type: 

* 

Kg 

1 

Pan  Width:  Inches  1  Pan  Depth: 

Inches 

Pan  Thickness: 

Inches 

Kg 

L 

Attachment  to  Chain:  - - - - - 

Ea 

s 

Roller  Diameter: 

Inches 

Roller  Type: 

Kg 

Inches 

Type  Sprocket  .  .. 

Tailshaft  Diameter: 

Inches 

Type  Sprocket 

Elite  Pitch:  * 

■Al 

Belt/Pan: 

Rollers: 

42 

A 

Idlers:  _ 

Scraper: 

Enclosure: 

CARBON  STEEL 

_ 

ggj 

Sprocket:  - . _1 

L 

Screw:  CARBON  STEEL 

Trough: 

CARBON  STEEL 

Other: 

Frame:  * 

ma 

1  Mounted  By:  VENDOR 

Enclosure:  TEFC 

Insulation:  1  Temp.  Rise:  deg  F  1  Volts: 

460 

Phase:  3 

Cycle:  60 

49 

1 

Estimated  BHPReauired:  *  hp  1  Nominal  Motor  Size:  * 

hp 

Speed:  1800  rpm|  J 

V 

Speed  Reducer  Integral  Separate  * 

Ratio:  * 

Mfr; 

* 

El 

E 

Model:  * 

Class: 

gg 

R 

nONVFYOR  TO  BE  EQUIPPED  WITH  A  VARIABLE  SPEED  DRIVE. 

gg 

Kg 

Mechanical  Drawing  No's: _ *  .  . — - 

Kg 

S 

Other  - - - - 

gg 

Kg 

— 

gi»i 

61  I  VENDOR  TO  COMPLETE  INFORMATION  MARKED 


H2003CBC.WK1 


PUMP  SPECIFICATION 


I  DATE  REV.  _ 


NO  BY  I  DATE 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


Manufacturer: 


20 

CBC 

P-2001 

COOLING  WATER 

RECIRCULATION 

PUMP 


ITCORP  SPEC.  NO. 


SHEET  1  OF  1 


PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

EXISTING  OR  NEW? 

NEW 

BY  APPR  DATE 

WMS  PA  11/30/94 


I  Model  No.: 


Uquid  Pumped:  WATER 

Max.  Capacity  at  P.T.:  50 

gpm 

Pumping  Temp.:  150  deg  F 

Sp.  Gr.  @P.T.:  1.0 

Suction  Press 

psia 

Differential  Press.;  psi 

Differential  Head: 

Ft.  Vapor  Pressure  @  P.T.: 

psia 

Corrosion  or  Errosion  Factors:  1 

Horizontal  or  Vertical  Arrangement?  HORIZONTAL _ 

C  CW  OR  CCW  Direction  of  Rotatbn  Facing  Pump  Coupling:  CV 
O  Number  of  Stages:  I  Speed:  *  rpn 


N  Barrel: 


S  impeller: _ _ 

T  Actual  Imp.  Dia.:  *  Inch  |  Vent  and  Drain  Tapped? _ 

R  Nozzles  Size  Rating  Facing _ Location 

U  Suction  *  1 50# _ FF _ END 

C  Discharge  *  150#  FF  TOP 


BOTTOM 


Split? _ 

Type: _ _ _ 


m 


Drains 


Cooling  H20 
Stuffing  Box  Lubrication:  Oil,  Grease  or  None? 


150# 

150# 

UNC 

_ I  NPSH  Required:  * 


Single  or  Double  Suction?  SINGLE _ 

Case  Design  Press.:  *  psig  Max.  Allow.  W.P.: _ * _ 

I  Shut-off  Press.: _ feet  Vol.  Eff.  @  Rating:  * _ 

Horizontal?  HORIZONTAL  Vertical? 


T Max.  Diameter:  *  Min.  Diameter:  ♦  Incl 


Thrust  Bearing  Type: _ Radial  Bearing  Type: _ 

Bearing  Lub.  Type: _ 


Oiler?  *  I  Oiler  Type: _ * _ 


Coupling  Mfr.:  _  |  Coupling  Model: _ 


Baseplate? _ YES _ [Type  Baseplate:  INTEGRAL 

~  Water  Cooling:  Csng,  Stffg  Bx>  Brgs.  PdstL  GInd  or  none? _ 


Total  Water  Req’d:  *  gpm|  Smothering  Gland? 


MECHANICAL  SEAL: 


Single  or  Double? 


Rotary  Unit: 


Furnished  By: _ 


inside  or  Outside? 


Seal  Ring  Mtrl: 


Reversible? 


Type  Packing: _ * 

Manufacturer: _ * 


Balanced  or  Unbalanced? 


I  Face  Material: _ 


Face  Material: 


Seal  Oil  Connection? 
Type: 


I  Shaft  Packing: _ * 


I 


Ea 


1^1 


I  Rushing  Seal  Faces  with  External  Ruid? _ 

i  *  lbs.  I  Weioht  of  Base: 


Casing  &  Covers:  CAST  IRON 


Impeller:  *  _ 


Glands:  * 


Furnished  By:  PUMP  MGFR 


ELECTRIC  MOTOR: ;  :  : 


Mounted  By:  PUMP  MGFR 


Speed:  1800 _ rpm 

Volts:  460  _ 


Phase: 

Cycles: 


SPEED  REDUCERS:  ;  : 


Ratio: _ 

Integral  or  Separate? 


Shaft: 


Lantern  Rings:  * 


Elec,  or  Steam  Turbine? 


Mfr.:  * _ 

Enclosure: _ TEFC 

rpm  I  Service  Factor:  1.15 
[Temp.  Rise: 


insulation: 


Frame:  * 


Auxilliary  Stuffing  Box  Required? 
Weight  of  Driver:  *  IbsT] 


Casing  wear  Rings:  * _ 


Impeller  Wear  Rings: _ | 


Shippinq  Weight: 


Shaft  Sleeves: _ 


Stuffing  Box  Bushings: 


I  Direct,  Gear,  V  -  Belt  or  Rope?  V — BELT 


STEAM^RBINE: : 

Mounted  By: _ 

Horsepower _ 


I  Speed _ 


Inlet  Steam  Press.: 


Normal: 


Backpressure: 


,  JxMMfr.: _ 

Model: _ 

HP  Water  Rates: 


rpm  I  Vacuum  (if  any): 


psig  r  Normal: 


E^ll 


Model: 

Nozzles 

Size 

Rating 

Facing 

Class: 

Inlet 

Location 


■Ka 

■eei 

■Ea 


See  Driver  Specification  No.: 


Performance  Curve?  YES 
Curve  No.:  * 


Hydrotest? _ YES _ 


Witness  Testing?  NO 


,  Certified? _ 


Pressure; 


Shop  Inspection? 


M  Serial  Number:  _ 

I  Outline  Drawing  Number: _ 


Cross  Section  Drawing  Number: 


I  VENDOR  TO  COMPLETE  INFORMATION  MARKED 


P2001CBC.WK1 


CONVEYOR 

SPECIFICATION 

NO 

BY 

DATE 

REV. 

1 

2 

3 

IT  CORP  SPEC.  NO. 

SHEET 

1  OF 

1 

PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

LOCATION 

BY 

APPR 

DATE 

WMS 

PA 

11/30/94 

LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO; 

AREA  NAME; 

TAG  NO.; 

EQUIPMENT  NAME; 


30 

CBC 

H-2001 

ASH  COOLER 

CONVEYOR 


ONE 


2 

S 

Material  Conveyed:  BED  MATERIAL,  ASH 

Material  Form:  Sludge  Solid  X  Other: 

3| 

E 

Density:  20  —  50  Ib/ft3  |  Temperature:  1 ,600  deq  F 

Viscosity: 

CP  1  Particle  Size:  Max. 

1  /4  Inches  -  Min.  Inches 

4 

c 

R 

Moisture  Content:  Dry  X  Wet 

%  1  Free  Liquid: 

Yes  No  X  % 

5 

0 

V 

Material  Reactions:  NONE  Hardens 

Catdfies 

Other: 

6 

N 

1 

ConrKinn  or  Frossion  Factors:  MODERATELY  EROSSIVE  _  J 

7 

D 

C 

Vaoor  Formation:  Yes  No  X  t  Vapor  Collection:  Yes 

No 

X  I  Vapors  Formed: 

_ 

8 

1 

E 

Service  Location:  Indoors  X  Outdoors  X  1  .  . .  -  —  1 

9 

T 

Location  Description:  .  _ 

10 

1 

0 

Caoadtv:  Normal:  0.30  ton/hr:  Maximum:  0.50 

ton/hr 

Elevation 

Gain:  4  ft. 

Horizontal  Conveyance:  *  ft. 

m 

0 

P 

Ooeratino  Factor:  hrs/dav.  days/yr  |  _  _  -  - 1 

n? 

N 

R 

Fedbv  CIRCULATING  BED  COMBUSTOR  F-2001 

I  Discharge  to:  ASH  BIN  T-2001  ! 

ma 

S 

T 

EouiomerTt  Operation:  Continuous  X  Intermittent 

On  Demand 

Reversing 

Other:  VARIABLE  SPEED  i 

Past  Experience:  .  _ 

■a 

SCREW  TO  SERVE  AS  CONVEYOR  AS  WELL  AS  HEAT  EXCHANGER;  SOLIDS  O.UTLET  TEMP.  200  deg,  F. 

la 

Com 

/evorTvoe:  Belt  ‘  Roller  Pan  Apron 

Drag  Flight 

Other:  WATER  COOLED  SCREW  1 

■a 

Width:  * 

Inches 

Length: 

* 

ft. 

■a 

la 

Speed:  * 

ft./min. 

Incline 

X  /Decline 

*  Degrees  from  Horizontal 

■a 

0 

Weiaht:  * 

lbs 

Loaded  Weight:  * 

ibs 

N 

Fnelosure:  Ooen  Covered  X  Sealed  X  Inert  Atrrxjsphere 

Other: 

S 

Enclosure  Seal:  HIGH  TEMPERATURE  GASKET 

T 

BELT  CONVEYOR 

R 

Support  Type:  Idler  Roller  Flat  Plate 

Other: 

U 

Idler/Plate  Arrangement:  Flat  Troughed 

Trough  Incline: 

Degrees 

C 

- - a . . . ■] - ** - 

Roller  Size:  Inches  1  Roller  Spadnq:  Inches 

Impact  Roller  Size: 

IrKdTes  1  Impact  Roller  Spacing:  Inches  I 

T 

Head  Pulley  Length: 

Inches 

Head  Pulley  Diameter: 

Inches 

1 

Tall  Pullev  Lenoth: 

Tail  Pulley  Diameter: 

Inches 

0 

Belt  Type: 

Belt  Chevrons:  Type:  1 

N 

Belt  Cleaner:  Type:  Scraper  Brush 

Wire 

Other: 

Ea 

Skirt  Plate:  Yes  No  1  Skirt  Depth: 

Inches 

Skirt  Width: 

Inches 

ED 

D 

CONTINUOUS  FLOW  CONVEYOR  1 

Eg 

E 

Chain  Tvoe: 

Chain  Pitch: 

Inches  | 

Eg 

Pan  Tvoe:  __  J 

Eg 

Inches 

Bearing  Type:  * 

35 

1 

Pan  Width:  Inches  1  Pan  Depth: 

Inches 

Pan  Thickness:  Inches  | 

36 

L 

Attachment  to  Chain:  . _  J 

37 

S 

Roller  Diameter: 

Inc^s 

Roller  Type: 

38 

Headshaft  Diameter: 

lrx:hes 

Type  Sprocket 

39 

Tailshaft  Diameter: 

Inches 

Type  Sprocket 

40 

Flite  Pitch:  *  . 

41 

1)U 

Belt/Pan: 

Rollers: 

42 

A 

Idlers: 

43 

T 

Flites:  CARBON  STEEL 

Errclosure 

CARBON  STEEL 

_ 

44 

* 

Shaft:  SCH.  80  PIPE.  CARBON  STEEL 

Sprocket:  1 

45 

L 

Screw:  CARBON  STEEL  ^ 

Trough: 

CARBON  STEEL 

46 

Type:  Direct  X  Gear  V-Belt 

Other: 

Frame:  * 

47 

D 

Electric  Motor  Make:  * 

Mounted  By:  VENDOR 

Enclosure:  TEFC 

Ea 

R 

Insulation:  I  Temp.  Rise:  degF 

Volts: 

460 

Phase:  3 

Cycle;  60 

49 

1 

Estimated  BHP  Reauired:  *  hp  1  Nominal  Motor  Size: 

5 

_ 

Speed;  1 800  rpm  | 

El 

V 

Speed  Reducer:  Integral  Separate  *  1  Ratio:  *  I 

Mfr:  * 

El 

E 

Model:  * 

Class; 

1^ 

R 

Eg 

CONVEYOR  TO  BE  EQUIPPED  WITH  A  VARIABLE  SPEED  DRIVE. 

El 

ini 

55 

1 

Mechanical  Drawing  No’s:  * 

56 

s 

Other: 

mi 

1 .  MATERIAL  HEAT  CAPACITY  =  0.25  Btu/lb  -dea.F 

2.  COOLING  WATER:  FLOW  = 


INLET  TEMP.  =  * 


OUTLET  TEMP.  = 


INLET  PRESSURE  = 


PRESSURE  DROP  = 


VENDOR  TO  COMPLETE  INFORMATION  MARKED 


H2001CBC.WK1 


FUNCTIONAL  DATA 

Application: 

Material  Handled: 
Density: 

Material  Temperature: 
Normal  - 
Maximum  — 
Capacity: 

Normal  — 

Range  — 


Receiving  Hot  Ash 
CBC  Bed  Material,  Ash 
20  -  50  pcf 

200  deg.  F 
600  deg.  F. 

30  Ib/hr 
10  to  150  Ib/hr 


Particle  Size: 
Moisture: 


Operations,  Hrs/Day:  12-24  Days/Year: 

Location:  Outdoors  or  in  temperary  bldg. 


SPECIFICATIONS 

1 .  Bin  capacity  to  be  1  cubic  yard. 

2.  Bin  to  include  tote  lugs  for  transportation. 

3.  Bin  to  include  hinged  inspection  lid  with  entrance  port  for  ash  inlet. 

4.  Materials  of  construction  to  be  carbon  steel. 


1"  max. 
None 

365 


T2001CBC.WK1 


LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


VERTICAL  VESSEL 


DATE 


rrcoRP  spec.no. 


SHEET  1  OP  1 


AREA  NO:  50 

AREA  NAME:  ARC 

TAG  NO.:  T-5001 

2 

EQUIPMENT  NAME:  PARTIAL 

QUENCH 

,  3 

PROJECT  NAME 

USAEC 


JOB  NO. 

322243 


LOCATION 


Total  Volume:  Gal.  Field  Erected? 


Operating  Pressure,  psig _ I 


Inlet  Operating  Temperature,  deg  F 


Outlet  Operating  Temperature,  deg  F 


Design  Pressure,  psig 


Design  Operating  Temperature,  deg  F 


YES  No.  Units: 


30-  W.C.  VACUUM 


5000  ACFM 


E 

Operating  Velocity 

10  FT  PER  SECOND 

S 

Residence  Time 

3  SECONDS 

X 

I 

No.  of  Water  Guns 

2 

X 

\ 

I  Configuration 


COCURREMT.  UP- FLOW 


Ea| 

ESI 

m 

E3 

ESI 

m 


Type  Supports: 


Insulation:  EX 


Fireprooofing:  NC 


Sandblast:  NC 


MANHOLE:  _ Hir 


Platform  Clips: _ 


Pipe  Supports: _ 


Wind  Load:  110  MPH 


EXTERIOR  INSULATION 


NONE 


NONE  Paint: 


Hinged?  X  |  Davited? 


I  Ladder  Clips: 


Other: 


Insul.  Rings: 


Seismic:  ZONE  3 

Weight  Full  of  Water:  N/A  lbs. 

> 

Shell 

1/4- 

;  M 

Heads 

'  A 

Uning 

1  T 

O.D. 

40- 

>  E 

Length 

33  ft 

Nozzle  Necks 


Ranges 


Mat'l  -  Minimum  Quality 


-36 


S 

Supports 

Bolts/Studs 

Nuts 


Gaskets _ 

Service _ 

INLET  OFF-GAS 
OUTLET  OFF-tGAS 
SOLIDS  OUTLET 

NOZZLES _ 

POKE -HOLES 
MANWAY 


Mark 

No. 

Size 

A 

1 

28- 

-B 

1 

18- 

C 

1 

4- 

D 

2 

4- 

E 

2 

4- 

F 

1  1 

18- 

G 

H 

1 

J 

K  1 

L  I 

M 

N 

0 

P 

HIGH  TEMPERATURE 
I  Rating  |  Face  |  Type 


Nozzle  to  be  Plugged  or  Blinded  * 


For  Further  Details,  See  Sheet  No. 


T5001CBC.WK1 


LT.  CORPORATION 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


50 

APC 

S-5001 

BAGHOUSE 


QUANTITY 


DESCRIPTION 


MISC.  SPECIFICATION 


IT  CORP  SPEC.  NO. 


SHEET  1  OF  1 


PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

LOCATION 

- 1 - 1 - i 

BY  APPR  DATE 

WMS  PA  11/30/94 


Process  Conditions 


Application: 

Material  Handled: 

Flue  gas  Flow: 

Flue  Gas  Pressure: 

Flue  Gas  Temperature: 
Flue  Gas  Moisture: 

Inlet  Particulate  Loading: 
Outlet  Particulate  Loading: 


Gas  Cleaning  System 
Fine  Particulate 
3500  ACFM 

Operating:  35"  W.C.  vacuum;  Design:  60“W.C.  vacuum 
400  to  450  deg.  F 
50%  by  volume 
79  lb  per  hour 

Less  than  or  equal  to  0.01  gr/dscf  @  7%  oxygen 


Specifications: 


Air/cloth  Ratio: 

Number  of  Modules: 
Cleaning  Method: 
Maximum  Pressure  Drop: 
Materials  of  Construction: 


Approximate  Dimensions: 


Pulse  jet  (on-line  cleaning) 

6"  W.C. 

-  A-36  carbon  steel  housing/reinforcement  supports 

-  Galvanized  steel  mesh  bag  cages 

-  Woven  fiberglass  bags. 

13ftx17ftx26fthigh  (includes  4  ft  bottom  clearance) 


Miscellaneous 


System  including  module  main  housing,  top  lid  assemply  with  tube  sheet  for 
bag  support,  structural  support  and  access  platform,  manifolds  and  inlet  dampers 
between  modules. 

Include  C.S.  hoppers,  inlet  vane  baffle,  access  doors,  level  indicators,  poke 
holes,  vibrators,  hopper  heaters,  and  strike  plates. 


-  Baghouse  to  be  fully  insulated  (2  inches  minimum). 


S5001CBC.WK1 


I  I.T.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO: 

AREA  NAME: 

TAG  NO.; 

EQUIPMENT  NAME: 


50 

APC 

H-5001 

ROTARY 

AIRLOCK 


QUANTITY 


DESCRIPTION 


MISC.  £ 

JPECIFICATION 

NO 

BY 

DATE 

REVISION 

1 

2 

3 

IT  CORP  SPEC.  NO. 


PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

LOCATION 

BY  APPR  DATE 

WMS  PA  11/30/94 


FUNCTION  DATA 


Application: 

Material  Handled; 
Density: 

Material  Temperature: 
Moisture; 

Capacity: 

Fed  By: 

Operation: 

Location: 


Processing  Gas  Cleaning  System  Dust 

Fine  Particulate 

20  to  50  lb  per  cubic  foot 

500  to  700  deg.  F 

No  Moisture 

Average:  10  Ib/hr;  Design:  100  Ib/hr 
Partial  Quench  T-5001 
24  hours  per  day 
Outdoors  or  Indoors 


Specifications: 


-  1/3  HP  motor,  1 .15  safety  factor,  460V,  3  phase,  60  hz 

-  Cast  iron  body  construction 

-  Closed  end  rotor,  A-36  carbon  steel  construction 

-  Supply  with  plant  air  shaft  purge  connections 

-  To  be  supplied  with  a  zero  speed  switch 

-  Body  and  side  plate  ports  to  facilitate  cleanout  with  compressed  air 


H5001  CBC.WK1 


ORPORATION 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


50 

APC 

H-5002 

ROTARY 

AIRLOCK 


1  QUANTITY 


DESCRIPTION 


MISC.  SPECIFICATION 


BY  I  DATE 


rrcoRPSPEC.NO. 


SHEET  1  OF  1 


PRC3JECTNAME 

USAEC 

JOB  NO. 

322243 

LOCATION 

"by  appr  date 

WMS  PA  I  11/30/94 


FUNCTION  DATA 

Application: 

Materia!  Handled: 
Density: 

Material  Temperature: 
Moisture: 

Capacity: 

Fed  By: 

Operation: 

Location: 


Processing  Gas  Cieaning  System  Dust 

Fine  Particulate 

20  to  50  lb  per  cubic  foot 

300  to  500  deg.  F 

No  Moisture 

Average:  70  Ib/hr;  Maximum:  100  Ib/hr 
Baghouse  S-5001 
24  hours  per  day 
Outdoors  or  Indoors 


secifications: 


-  1/3  HP  motor,  1 .15  safety  factor,  460V,  3  phase,  60  hz 

-  Cast  iron  body  construction 

-  Closed  end  rotor,  A-36  carbon  steel  construction 

-  Supply  with  plant  air  shaft  purge  connections 

-  To  be  supplied  with  a  zero  speed  switch 

-  Body  and  side  plate  ports  to  facilitate  cleanout  with  compressed  air 


H5002CBC.WK1 


I.T.  CORPORATION 

I  POLLUTION  CONTROL  ENGINEERING 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


FAN  SPECIFICATION 


50 

APC 

B-5001 

INDUCED  DRAR 
FAN 


ITCORP  SPEC.  NO, 


SHET  1  OF 
PROJECT  NAME 

USAEC 


JOB  NO. 

322243 

LOCATION 

NEW 


Model  No.; 


Manufacturer:  *  _ I  Model 


No.  of  Units: _ ONE _ _ _ 

Description  of  Gas  and  Materials  Handled: _ COMBUSTION  GAS  OR  AMBIENT  AIR 

Row:  6000  ACFm  I  sTp.  60  Inches  W,G.  |  Temp.:  60-450 


Hours  per  day  operation:  24 _ 


Noise  Rating  Per  Attached  Noise  Level  Spec.  No.  _ 

WHEEL:  Diamet^  *  Inches  |  Gage  and  Material  of  Rir^ 


I  HOUSING  GAGE  &  MATERIALS:  Scroll 


Performance  Curves:  YES  Curve  No.: 


R.P.M.: _ *  I  B.H.P.  Required: 

BEARINGS:  Type:  _  * 


I  Make: 


inches 


Sides 


Mfr,  Size  &  Type:  ♦ 


Mech.  Efficiency: 


* 


Diameter  at  Wheel : 


deg.  F  |  Gas  Density:  NOTE  2  Lb/Cu.Ft. 


I  Blades:  * 

I  Tube  (Axii) 


_ I  Weight: 


I  Outlet  Velocity: 


I  Manufacturers  No.: 
*  inches 


1 

Distance  Between  Bearings: 

* 

1  Distance  from  Bearing  to  Fan  Wheel: 

* 

1 

Meocimum  Shaft  Speed: 

* 

m\ 


I  Rotation: 


I  Discharge: 


N 

Single  Width?  YES 

1  Double  Width? 

1  Single  Inlet? 

YES  1  Double  Inlet? 

T 

SPECIAL  FEATURES  REQUIRED:  Flanged  Inlet  and  Outlet? 

YES 

Drain  in  Housing?  YES 

R 

Clean  Out  In  Housing? 

YES  1  Split  Housing? 

NO 

Water  Jacketed  Bearings? 

NO 

Shaft  Seals? 


I  Inlet  or  Outlet  Dampers? 


Vertically  or  Horizontally  Mounted? _ 

Tubeaxial?  I  Vaneaxlal? 

TYPE  OF  INLET  AND  OUTLET:  Streamlined  Inlet? 
SPECIAL  FEATURES  REQUIREDAccess  Doors? 


I  Inlet  or  Outlet  Guard?  I  Outside  Belt  Guard? 


Arrangement: _ 

Inlet  Cone? _ 

Support  Legs? 


Ranged  Inlet  &  Outlet? 


GUARDS  &  SCREENS 


Rotation: 
Outlet  Cone? 
Motor  Hood? 


Other: 


Horizontally  or  Vertically  Mounted? _ 

Direct  Drive? _ 

SPECIAL  FEATURES  REQUIRED:  Safety  Guards? 

Description  of  Guard  &  Shutter: _ 

Adjustable  Pitch? _ 


High  Capacity  Static  Conducting  V- Belt  Drive? 
Shutters?  |  Other: 


Automate  Variable  Pitch? 


Elec  or  Steam  Turbine?  ELEC 

Direct,  Gear,  Belt  or  V- Rope? 

DIRECT 

Mfr.:  * 

STEAM  TURBINE: ;  ■  I 

iMfr.: 

I  Phase:  3 


Cycles: _ 60 

Nominal  Size:  75 

SPEED  REDUCERS: 


Ratio: 


I  Integral  or  Separate? 


Enclosure: 


rpm  Service  Factor: 


Temp.  Rise: 


Insulation: 


Frame: _ 

HP  Est.  BHP  Req*d: 
Mfr.: 


Model: 


Class: 


Mounted  By: 

Model: 

Horsepower:  HP 

Water  Rates:  Lbs/Hr 

Speed  rpm 

Vacuum  (if  any): 

Inlet  Steam  Press.: 


Normal: _ 

Max.: _ 

Backpressure: 


Nozzles  Size 


Inlet 

Exhaust 


Inlet  Steam  Temp. 


Normal: _ 


Max.: 


t  SEE  DRIVER  SPECIFICATION  NO.:  _  _ 


1 .  FAN  SHALL  BE  SIZED  TO  OPERATE  BETWEEN  SEA  LEVEL  AND  6000  FEET  ELEVATION. 

2.  GAS  DENSITY  MAY  RANGE  FROM  0.04  TO  0.07  LB  PER  CUBIC  FOOT. _ 

3.  VENDOR  TO  SUPPLY  REMOTELY  CONTROLLED  VARIABLE  INLET  VANE  DAMPER. 


I  VENDOR  TO  COMPLETE  INFORMATION  MARKED  ‘ 


B5001CBC.WK1 


I.T.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO:  50 

AREA  NAME:  ARC 

TAG  NO.:  2-5001 

EQUIPMENT  NAME:  STACK 


STACK 


BY  I  DATE 


rr  corpspec.no. 


SHEET  1  OF  1 


PROJECT  NAME 

USAEC 


JOB  NO. 

322243 


LOCATION 


APPR  DATE 

PA  11/30/04 


Total  Volume:  Gal.  |  Field  Erected? 

Operating  Pressure,  psig _ 

Operating  Temperature,  deg  F _ 

Design  Temperature,  deg  F _ 

Operating  Gas  Row _ 

Design  Gas  Row _ 

I  Design/Operating  Velocity 


YES|  No.  Units:  ONE 
2-3"  W.C.  PRESSURE 

400 _ 

500 _ 

3,200  ACFM _ 

5,000  ACFM _ 

50  FT  PER  SECOND 


iKal 

|ei| 

li^ 


Type  Supports:  SEL 

Insulation: _ NO^ 

Fireprooofing:  NO^ 

Sandblast: _ N05 

MANHOLE: _ Hing 

Platform  Clips: _ 

Pipe  Supports: _ 

Wind  Load:  110  MPH 
I  Weight  Empty: _ * 


SELF  STANDING 

NONE _ 

NONE _ 

NONE  I  Paintr 

Hinged?  |  Davlted? 

I  Ladder  Clips: 


Other: _ 

InsuL  Rings: 


I  Item 

Shell _ 

M  Heads _ 

A  Lining _ 

T  |o.D. 

Length _ 

R  I  Nozzle  Necks 
Ranges _ 


mph  Seismic:  ZONE  3 _ 

lbs.  Weight  Full  of  Water:  N/A 


I  ThicknssI  MatM  CIs 


MafI  -  Minimum  Quality 
A~36 


L  M.H.  Cover 
S  Supports 
Bolts/Studs 

I  Nuts _ 

1 _ Gaskets 


Service 


N  SAMPLE  PORT 


O  SAMPLE  PORT 


2  OFF-GAS 


Z  DRAIN 


Size  I 

I  Rating  | 

!  Face 

Type 

Z5001CBC.WK1 


1 

IT  CORP  SPEC.  NO. 

LT.  CORPORATION 

SPECIFICATION 

POLLUTION  CONTROL  ENGINEERING 

NO 

BY  DATE 

REV. 

SHEET  1  OF  1 

1 

PROJECT  NAME 

USAEC 

AREA  NO:  50 

JOB  NO. 

AREA  NAME:  ARC 

2 

322243 

TAG  NO.:  T-5002A,B 

EXISTING  OR  NEW? 

EQUIPMENT  NAME:  DUST  COLLECTION 

NEW 

DRUMS 

3 

BY  APPR  DATE 

SUM  PA  11/30/94 

^  FUNCTIONAL  DATA 

3 

4  Application:  Receiving  Hot  Ash 

5  Material  Handled:  Ash,  dust 

6  Density:  20  -  50  pcf 

7  Material  Temperature: 

8  Normal  -  400  deg.  F 

9  Maximum  -  500  deg.  F. 

10  Capacity: 

11  Normal  -  1  Ib/hr  Particle  Size:  <  1/32" 

12  Range-  0  to  10  Ib/hr  Moisture:  None 

13 

14  Operations,  Hrs/Day:  12-24  Days/Year:  365 

1 5  Location:  Outdoors  or  in  temperary  bldg. 

16 
17 

SPECIFICATIONS 

19 

20  1 .  Drum  capacity  to  be  55  gallons. 

21 

22  2.  Drum  to  include  hinged  inspection  lid  with  entrance  port  for  ash  inlet. 

23 

24  3.  Materials  of  construction  to  be  carbon  steel. 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40  _ 


H5002A&B.WK1 


CONCEPTUAL  DESIGN  AND  RELATED  DOCUMENTS 


10.0  GENERAL  ARRANGEMENT  DRAWINGS 


U.S.  Army  Environmental  Center 
Red  Water  Treatment  Technology 
Test  Plan  and  Site  Preparation 
Aberdeen  Proving  Ground,  Maryland 
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U.S.  ARMr  ENVIRONMENTAL  CENTER 
ABERDEEN  PROVING  GROUND.  MARYLAND 

CIRCULATING  BED  COMBUSTOR 
GENERAL  ARRANGEMENT 

PLAN  AND  ELEVAHON 

PROJ.  NO. 

DRAWING  NO. 

REV 

322243 

D-10-02-001 

A 

EQ 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


U.S.ARMY  ENVIRONMENTAL  CENTER 
ABERDEEN  PROVING  GROUND.  MARYLAND 


SHIPPING  ARRANGEMENT 


PROJ.  NO. 

DRAWING  NO. 

REV 

322243 

0-10-02-002 
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CONCEPTUAL  DESIGN  AND  RELATED  DOCUMENTS 


11.0  ELECTRICAL  ONE-LINE  DRAWING 


U.S.  Army  Environmental  Center 
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CONCEPTUAL  DESIGN  AND  RELATED  DOCUMENTS 


12.0  MASS  AND  ENERGY  BALANCE  OUTPUTS 
(Normal  Case,  Start>Up  Case,  and  Hot  Idle  Case) 


U.S.  Anny  Environmental  Center 
Red  Water  Treatment  Technology 
Test  Plan  and  Site  Preparation 
Aberdeen  Proving  Ground,  Maryland 
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COMPANY  NAME:  FT  Coiporation 

PROJECTNAME:  USAEC 

LOCATION:  Aberdeen  Proving  Ground,  Maryland 


HIQKBCTNO-  322243 
SPEC  NO.: 

WP:  WP1585.12 


12.0  Mass  and  Energy  Balance  Outputs 
(Normal  Case,  Start-Up  Case,  and  Hot  Idle  Case) 


Mass  and  &iergy  Balance  Pmcess  Strategy.  An  M&EB  was  performed  on  the  red 
water  feed  (heating  value  =  487  Btu/lb)  consisting  of  15  percent  solids  and  the  balance  water. 
A  total  of  diree  M&EBs  were  performed  for  the  conceptual  design.  They  are: 

•  Normal  case 

•  Start-t^  case 

•  Hot  idle  case. 

During  the  normal  case,  1.5  gpm  of  red  water  is  processed  in  the  incinerator  with  a  cyclone 
exit  gas  temperature  of  1600®F.  The  gases  are  then  processed  in  the  APCS.  The  data  from 
this  output  are  used  to  generate  the  table  that  formed  the  conc^tual  design  basis  and  also 
used  in  the  preparation  of  the  PFD. 

£>uring  the  start-iq>  case,  there  is  no  red  water  feed  and  a  natural  gas-fired  start-up  burner  is 
used  to  preheat  the  combustion  air.  This  burner  in  turn  heats  up  and  circulates  the  bed 
material.  During  diis  case,  the  cyclone  exit  gas  temperature  is  maintained  at  approximately 
1300°F,  which  is  above  the  auto  ignition  temperature  of  natural  gas.  The  data  from  this 
ouq}ut  are  used  to  determine  the  tom  down  ratio  of  the  system.  These  data  are  presented  in 
Qupter  5.0. 

During  the  hot  idle  case  with  no  feed  to  the  CBC,  the  cyclone  exit  gas  is  maintained  at  600^ 
using  the  start-up  burner.  The  hot  gases  at  600®F  are  adequate  for  keeping  the  CBC  and  die 
APCS  warm  when  die  system  is  idle. 


By:  PA 
Checked:  PO 
Approved:  PA 
Date:  01A2/95 


Mass  and  Energy  Balance  Outputs  Area  No.: 

rrPCE  Area  Name:  All  Areas 

Knoxville,  Tennessee 

Rev.  No.  (0)  (1)  Page:  1  of  1 


JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32  PAGE  1 

CLIENT:  USAC  ENGINEER;  SLM  DATA  FILE:  USAC.DAT 

HEAT  AND  MATERIAL  BALANCE  PROGRAM  VERSION  6.0 


SPECIFIC  HEAT  MOLECULAR  WEIGHT 


UNIT  NO  COMBUSTION  DEVICE 

BASE  CONDITIONS 

(BTU/LB- 

F) 

(LB/LB-MOLE) 

1  CIRC.  BED/CYCLONE 

ATM  PRES  (IN.  H20}: 

406.800  ASH 

.270 

100.000 

BASE  TEMP  (F): 

60.000  HSALT 

.270 

100.000 

TOTAL  NUMBER  OF  FUELS: 

5  ASALT 

.270 

100.000 

FIXED  CARBON 

.220 

12.011 

INERT 

.270 

100.000 

PYRO  GAS 

.500 

100.000 

COMBUSTION  MODULE 

OPERATING  CONDITIONS  UNIT  1 


EXIT  GAS  TEMPERATURE  (F> 

EXIT  SOLID  TEMPERATURE  (F) 

PRESSURE  DROP  (IN.W.C.) 

OUT  PRESSURE  (IN.  W.C.) 

RADIATION  HEAT  LOSS 

HEAT  LOSS  UNIT 

HEAT  INPUT  (MM  BTU/HR) 

EXCESS  AIR  (%)  FOR  OXIDIZED  WASTE 
MINIMUM  XS  AIR  (%)  FOR  OXIDIZED  WASTE 
MINIMUM  02  (%)  IN  EXIT  GAS 
AIR  TEMPERATURE  TO  BURNER  (F) 

AIR  HUMIDITY  (LB  H20/LB  DRY  AIR) 
EXCESS  AIR  FOR  AUX  FUEL  (%) 

NAME  OF  AUXILIARY  FUEL 
QUENCH  CODE  (1  AIR, 2  H20} 

QUENCH  H20  TEMPERATURE  TO  BURNER  (F) 
ASH  IN  EXIT  (%) 

MSALT  IN  EXIT  (%) 

ASALT  IN  EXIT  (%) 

FIXED  CARBON  IN  EXIT  (%) 

C0/CO2  COMBUSTION  EFFICIENCY  (%) 

FUEL  N02  EFFICIENCY  (%) 

ASH  MODULE  CONDITIONS 


EXIT  STEAM  DESTINATION  ATMOSPHERE 

HEAT  LOSS  (MM  BTU/HR)  .000 

SOLID  EXIT  TEMPERATURE  (F)  .000 

QUENCH  WATER  (GPM)  .000 

MOISTURE  IN  WET  ASH  (%)  .000 

QUENCH  H20  MAKEUP  TEMPERATURE  (F)  60.000 

QUENCH  H20  TSS  (mg/l)  .000 

QUENCH  H20  TDS  (mg/L)  .000 


1600.000 
1600.000 
2.000 
404.800 
.630 
MM  BTU/HR 
.000 
28.664 
.000 
5.000 
60.000 
.010 
.000 
NAT  GAS 
1 

.000 

6.000 

100.000 

100.000 

.000 

99.990 

2.500 


JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


FUEL  TO: 

FUEL  NAME 

CIRC.  BED/CYCLONE 

(PER  HOUR) 

(CONTINUED) 

^******<**4r*-*-* 

****  COMPONENT 

FLOW  TO  FURNACE 

SI 

BR2 

F2 

ASH 

MSALT 

ASALT 

F.CARB 

INERTS 

250 

NAT  GAS 

PERCENT 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

251 

NAT  GAS 

PERCENT 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

252 

REDSOLID 

PERCENT 

.000 

.000 

.000 

.000 

2.670 

45.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

3.308 

55.755 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000. 

.033 

.558 

.000 

.000 

253 

REDWATER 

PERCENT 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

TOT  FUEL 

POUNDS 

-000 

.000 

.000 

.000 

3.308 

55.755 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.033 

.558 

.000 

.000 

PAGE  3 


JOB 

NO:  322243 

JOB  DESC:  CIRC  BED 

COMBUSTOR,  1.5 

GPM  RED  WATER 

FLOW,  NORMAL  CASE 

10/20/94  15:32 

PAGE  4 

CLIENT:  USAC 

ENGINEER:  SLM 

DATA  FILE:  USAC.DAT 

UNIT  1  CIRC-  BED/CYCLONE 

***  MASS  AND 

ENERGY  IN  •*» 

%  OF  TOTAL 

FUELS: 

USE  CODE  TEMP  DEG  F 

LB/HR 

BTU/LB 

MM  BTU/HR 

HEAT  DUTY 

250 

NAT  GAS 

OXD  60.00 

113.224 

21800.000 

2.468 

55.921419 

251 

NAT  GAS 

OXD  60.00 

69.000 

21800.000 

1.504 

34.079197 

252 

REDSOLID 

OXD  60.00 

123.900 

3200.000 

.396 

8.982662 

253 

REDWATER 

OXD  60.00 

702.100 

.000 

.000 

.000000 

351 

COMBUSTION  AIR 

02 

60.00 

981.785 

.000 

.000 

.000000 

N2 

60.00 

3252.238 

.000 

.000 

.000000 

H20 

60.00 

42.340 

1059.900 

.045 

1.016721 

OVERALL  TOTAL 

5284.588  . 

4.414 

100.000000 

***  MASS  AND  ENERGY 

OUT  *** 

350 

COMBUSTION  GAS  OUT 

1600.00  DEG  F  ,  404.8 

IN.  W.C. 

LB-HOLES/HR 

LB/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

H20 

63.816 

1149.704 

1833.457 

2.108 

.282 

LB  H20/LB  DRY  GAS 

C02 

13.278 

584.365 

407.805 

.238 

9.713 

%  GAS  VOL  (DRY) 

CO 

.001 

.037 

411.485 

.000 

9.714 

PPMV  (DRY) 

N2 

116.406 

3261.218 

406.902 

1.327 

85.152 

%  GAS  VOL  (DRY) 

N02 

.016 

.756 

376.359 

.000 

120.233 

PPMV  (DRY) 

02 

6.835 

218.726 

377.212 

.083 

5.000 

%  GAS  VOL  (DRY) 

S02 

.167 

10.719 

286,955 

.003 

1223.945 

PPMV  (DRY) 

MSALT 

.033 

3.308 

415.800 

.001 

.385 

GR/DSCF  a  7%  02 

ASALT 

.558 

55.755 

415.800 

.023 

6.483 

GR/DSCF  a  7%  02 

TOTAL  COMBUSTION  GAS 

201.110 

5284.588 

715.983 

3.784 

353 

HEAT  LOSS 

.630 

TOTAL  HEAT  RELEASED 

4.414 

354 

CO  He  AVAILABLE 

4343.600 

.000 

OVERALL  TOTAL 

201.110 

5284.588 

4.414 

TOTAL  DRY  GAS 

136.704 

4075.821 

1.651 

JOB  NO:  322243  JOB  DESC: 

CLIENT:  USAC 


COMBUSTION  AIR  SUMMARY 
OPERATING  CONDITIONS 


TEMPERATURE  (F) 
PRESSURE  (IN.  W.C.) 
FLOW  (ACFM) 


AIR  (DRY)  TOTAL  (LB/HR) 

AIR  (DRY)  THEORETICAL  (LB/HR) 
AIR  (DRY)  TOT-THEO  (LB/HR) 
EXCESS  AIR  (%) 


TOTAL  02  (LB/HR) 
THEO.  02  ( LB/HR > 
TOT-THEO.  02  (LB/HR) 


TOTAL  N2  (LB/HR) 
THEO.  N2  (LB/HR) 
TOT-THEO.  N2  (LB/HR) 


COMBUSTION  GAS  SUMMARY 


TEMPERATURE  (F) 
PRESSURE  (IN.  W.C.) 
FLOW  (ACFM) 


CIRC  BED  COMBUSTOR,  1.5  6PM  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32 
ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


UNIT  1 


60.000 

406.800 

928.285 


4234-024 

3290.753 

943.271 

28.664 


981.785 

763.060 

218.726 


3252.238 

2527.693 

724.545 


UNIT  1 


1600.000 

404.800 

5051.309 
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JOB  NO:  3222A3  JOB  OESC:  CIRC  BED  COMBUSTOR,  1.5  GPN  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 

APC  HEAT  AND  MATERIAL  BALANCE  PROGRAM  VERSION  6.0 


BASE  CONDITIONS  AND  INCOMING  GAS  CONDITIONS 


ATMOSPHERIC  PRESSURE  (IN.  H20)  406.80 
BASE  TEMPERATURE  (DEG  F)  60.00 
INLET  GAS  PRESSURE  (IN.  H20)  404.80 
INLET  GAS  TEMPERATURE  (DEG  F)  1600.00 


PARTICULATE  STANDARD  INFORMATION 


PARTICULATE  STANDARD  BASIS  02 
PARTICULATE  STANDARD  BASIS  CONCENTRATION  (%)  7.00 
PARTICULATE  STANDARD  BASIS  CONDITION  OSCF 
PARTICULATE  STANDARD  TEMPERATURE  (DEG  F)  68.00 


UNIT  NO  APC  DEVICE  RECEIVER 


1 

PART.  QUENCH 

QUENCH  SUMP 

2 

BAGHOUSE 

DUSTCOLLECT 

3 

ID  FAN 

4 

STACK 

APC  DEVICE  INFORMATION 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

RECYCLE  FLOW  (GPM) 

o 

o 

o 

o 

o 

o 

.00 

RECYCLE  FLOW  (LB/HR) 

.00 

o 

o 

.00 

.00 

OUTLET  PRESSURE  (IN-  H20) 

403-80 

383.80 

407.80 

406.80 

APC  HEAT  LOSS  (MM  BTU/HR) 

o 

o 

o 

o 

.00 

o 

o 

PERCENT  REMOVAL  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

ASH 

o 

o 

99.00 

.00 

o 

o 

METAL  SALTS 

o 

o 

99.00 

.00 

o 

o 

ALKALI  SALTS 

o 

o 

99-00 

.00 

o 

o 

RECEIVER 

DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

REC. 

EXISTENCE 

NO 

YES 

NO 

NO 

REC. 

PURGE  DESTINATION 

0 

0 

0 

0 

REC. 

PURGE  TARGET 

DIS 

DIS 

DIS 

DIS 

REC. 

SS  REMOVAL  EFFICIENCY 

.00 

o 

o 

o 

o 

o 

o 

REC. 

HEAT  LOSS  (MM  BTU/HR) 

o 

o 

.00 

.00 

o 

o 

MAKEUP  STREAM  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

MAKEUP 

OPTION 

APC 

APC 

REC 

REC 

MAKEUP 

FLOW 

(GPM) 

3.10 

.00 

.00 

.00 

MAKEUP 

TDS 

(MG/L) 

200.00 

.00 

.00 

.00 

MAKEUP 

TSS 

(MG/L) 

.00 

.00 

.00 

.00 

MAKEUP 

TEMP. 

(DEG  F) 

60.00 

60.00 

60.00 

60.00 
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JOB  NO:  322243 
CLIENT:  USAC 


10/20/94  15:32 


PAGE  7 


JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE 

ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


NEUTRALIZATION  STREAM  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

NEUT,  OPTION 

APC 

APC 

REC 

REC 

NEUT.  REAGENT  NAME 

NAOH 

NAOH 

NAOH 

NAOH 

NEUT.  REAG.  TEMP.  (DEG  F) 

60.00 

60.00 

60.00 

60.00 

NEUT.  REAG.  CONC.  (%) 

23.00 

23.00 

20.00 

20.00 

STOICHIOMETRIC  RATIO 

1.00 

1.00 

1.00 

1.00 

OPERATIONAL  LIMITS  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

MIN.  GAS  OUT.  TEMP.  (DEG  F) 

0. 

0. 

0. 

0. 

PURGE  TDS  CONCENTRATION 

(%) 

0. 

0. 

0. 

0. 

PURGE  TSS  CONCENTRATION 

(%) 

0. 

0. 

0. 

0. 

PURGE  ACID  CONCENTRATION 

(%) 

0- 

0. 

.0. 

0. 

OTHER  GAS  DATA  GAS  1 


NAME  OF  OTHER  GAS  ATM  AIR 

FEED  RATE  (LB/HR)  775.00 

TEMPERATURE  (DEG  F)  60.00 

INPUT  CODE  2. 

DESTINATION  UNIT  NUMBER  1. 

OTHER  GAS  COMP.  DATA  (LB/HR)  GAS  1 


H20  7.75 
N2  589.39 
02  177.86 


JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32  PAGE  8 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


UNIT  1  PART.  QUENCH 

**  MASS  AND  ENERGY  IN  **  LB-MOLES/HR  LBS/HR  BTU/LB  MM  BTU/HR  CONCENTRATION 

350  GAS  FROM  CIRC.  BED/CYCLONE:  1600.0  DEG  F,  404.8  IN.  W.C. 


H20 

63.816 

1149.704 

1833.457 

2.108 

.282 

LB  H20/LB  DRY  GAS 

C02 

13.278 

584.365 

407.805 

.238 

9.713 

%  DRY  GAS  VOL 

CO 

.001 

.037 

411.485 

.000 

9.714 

PPM  DRY  GAS  VOL 

N2 

116.406 

3261.218 

406.902 

1.327 

85.152 

%  DRY  GAS  VOL 

N02 

.016 

.756 

376.359 

.000 

120.233 

PPM  DRY  GAS  VOL 

02 

6.835 

218.726 

377.212 

.083 

5.000 

%  DRY  GAS  VOL 

S02 

.167 

10.719 

286.955 

.003 

1223.945 

PPM  DRY  GAS  VOL 

METAL  SALTS 

.033 

3.308 

415.800 

.001 

.385 

GR  DSCF  a  7.0  %  02 

ALKALI  SALTS 

.558 

55.755 

415.800 

.023 

6.483 

GR  DSCF  a  7.0  %  02 

TOTAL  FLUE  GAS 

201.110 

5284.588 

3.784 

6.868 

GR  DSCF  a  7.0  %  02 

738  ATM  AIR:  60.0  DEG*F 

K20 

.430 

7.750 

1059.900 

.008 

.010 

LB  H20/LB  DRY  GAS 

N2 

21.038 

589.387 

.000 

.000 

79.101 

%  DRY  GAS  VOL 

02 

5.558 

177.863 

.000 

.000 

20.899 

X  DRY  GAS  VOL 

TOTAL  GAS 

27.026 

775.000 

.008 

.000 

GR  DSCF  a  7.0  %  02 

651  MAKEUP  WATER:  60-0  DEG  F 

H20 

85.982 

1549.051 

.000 

.000 

TDS 

.003 

.310 

36.000 

.000 

TOTAL  MAKEUP 

85.985 

1549.361 

.000 

OVERALL  TOTAL 

314.121 

7608.949 

3.792 

**  MASS  AND  ENERGY 

OUT  **  LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

650 

GAS  TO  BAGKOUSE: 

439.2  DEG  F,  403.8  IN.  W.C. 

H20 

150.228 

2706.505 

1233.052 

3.337 

.559 

LB  H20/LB  DRY  GAS 

C02 

13.278 

584.365 

84.275 

.049 

8.131 

X  DRY  GAS  VOL 

CO 

.001 

.037 

95.078 

.000 

8.132 

PPM  DRY  GAS  VOL 

N2 

137.443 

3850.605 

94.716 

.365 

84.166 

X  DRY  GAS  VOL 

N02 

.016 

.756 

78.743 

.000 

100.651 

PPM  DRY  GAS  VOL 

02 

12.393 

396.588 

85.425 

.034 

7.589 

X  DRY  GAS  VOL 

S02 

■  *  .167 

10.719 

61.120 

.001 

1024.607 

PPM  DRY  GAS  VOL 

METAL  SALTS 

.033 

3.308 

102.384 

.000 

.384 

GR  DSCF  a  7.0  %  02 

ALKALI  SALTS 

.558 

55.755 

102.384 

.006 

6.475 

GR  DSCF  a  7.0  %  02 

TOTAL  FLUE  GAS 

314.118 

7608.639 

3.792 

6.859 

GR  DSCF  a  7.0  %  02 

655 

PURGE  FROM  PART. 

QUENCH:  439.2  DEG  F 

ALKALI  SALTS 

.003 

.310 

102.384 

.000 

100.00000 

WT  % 

TOTAL  PURGE 

.003 

.310 

.000 

.00000 

WT  %  TSS 

OVERALL  TOTAL 

314.121 

7608.949 

3.792 

DRY  GAS  TOTAL 

163.890 

4902.134 

.455 

10/20/94  15:32 
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JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


UNIT  2  BAGHOUSE 


**  MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

650  GAS  FROM  PART.  QUENCH: 

439.2  DEG  F,  403.8  IN. 

U.C. 

H20 

150.228 

2706.505 

1233.052 

3-337 

-559 

LB  H20/LB  DRY  GAS 

C02 

13.278 

584.365 

84.275 

.049 

8.131 

%  DRY  GAS  VOL 

CO 

.001 

.037 

95.078 

.000 

8.132 

PPM  DRY  GAS  VOL 

N2 

137.443 

3850.605 

94.716 

.365 

84.166 

%  DRY  GAS  VOL 

N02 

.016 

.756 

78.743 

.000 

100.651 

PPM  DRY  GAS  VOL 

02 

12.393 

396.588 

85.425 

.034 

7.589 

%  DRY  GAS  VOL 

S02 

.167 

10.719 

61.120 

o 

o 

1024.607 

PPM  DRY  GAS  VOL 

METAL  SALTS 

.033 

3.308 

102-384 

.000 

.384 

GR  DSCF  a  7.0  %  02 

ALKALI  SALTS 

.558 

55.755 

102.384 

.006 

6.475 

GR  DSCF  a  7.0  %  02 

TOTAL  FLUE  GAS 

314.118 

7608.639 

3-792 

6.859 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

314.118 

7608.639 

3-792 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

661  GAS  TO  ID  FAN;  439.2  DEG  F, 

383.8  IN.  W.C. 

H20 

150.228 

2706.505 

1233.052 

3.337 

.559 

LB  H20/LB  DRY  GAS 

C02 

13.278 

584.365 

84.275 

.049 

8.131 

%  DRY  GAS  VOL 

CO 

.001 

.037 

95.078 

.000 

8.132 

PPM  DRY  GAS  VOL 

N2 

137.443 

3850.605 

94-716 

.365 

84-166 

%  DRY  GAS  VOL 

N02 

.016 

.756 

78.743 

.000 

100.651 

PPM  DRY  GAS  VOL 

02 

12.393 

396.588 

85.425 

.034 

7.589 

%  DRY  GAS  VOL 

S02 

.167 

10.719 

61.120 

.001 

1024.607 

PPM  DRY  GAS  VOL 

METAL  SALTS 

.000 

.033 

102.384 

.000 

.004 

GR  DSCF  a  7.0  %  02 

ALKALI  SALTS 

.006 

.558 

102-384 

.000 

.065 

GR  DSCF  a  7.0  %  02 

TOTAL  FLUE  GAS 

313.533 

7550.166 

3.786 

.069 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

313.533 

7550.166 

3.786 

DRY  GAS  TOTAL 

163.305 

4843.661 

.449 

JOB  NO:  322243 
CLIENT:  USAC 


UNIT  2  DUSTCOLLECT 
**  MASS  AND  ENERGY  IN  •• 
OVERALL  TOTAL 


**  MASS  AND  ENERGY  OUT  ** 

666  PURGE  FROM  DUSTCOLLECT: 
METAL  SALTS 
ALICALI  SALTS 
TOTAL  PURGE 


JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32 


ENGINEER:  SLM 

DATA  FILE: 

USAC. OAT 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

.000 

.000 

.000 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

DEG  F 

.033 

3.275 

102.384 

.000 

5.60101  WT  %  SS 

.552 

55.197 

102.384 

.006 

94.39899  WT  % 

.585 

58.472 

.006 

5.60101  WT  %  TSS 

.585 

58.472 

.006 
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OVERALL  TOTAL 


10/20/94  15:32 


PAGE  11 


JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


UNIT  3  ID  FAN 


**  HASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/KR 

BTU/LB 

HM  BTU/HR 

CONCENTRATION 

661  GAS  FROM  BAGHOUSE:  439.2  DEG 

F,  383.8  IN. 

W.C. 

H20 

150.228 

2706.505 

1233.052 

3.337 

-559 

LB  H20/LB  DRY  GAS 

C02 

13.278 

584.365 

84.275 

.049 

8.131 

%  DRY  GAS  VOL 

CO 

.001 

.037 

95.078 

.000 

8.132 

PPM  DRY  GAS  VOL 

N2 

137.443 

3850.605 

94.716 

.365 

84.166 

%  DRY  GAS  VOL 

N02 

.016 

.756 

78.743 

-000 

100.651 

PPM  DRY  GAS  VOL 

02 

12.393 

396.588 

85.425 

.034 

7.589 

%  DRY  GAS  VOL 

S02 

.167 

10.719 

61.120 

.001 

1024.607 

PPM  DRY  GAS  VOL 

HETAL  SALTS 

.000 

.033 

102.384 

.000 

.004 

GR  DSCF  a  7.0  %  02 

ALKALI  SALTS 

.006 

.558 

102.384 

.000 

.065 

GR  DSCF  a  7.0  %  02 

TOTAL  FLUE  GAS 

313.533 

7550.166 

3.786 

.069 

GR  DSCF  a  7.0  %  02 

682  HEAT  OF  COMPRESSION- 

.043 

OVERALL  TOTAL 

313.533 

7550.166 

3.829 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

672  GAS  TO  STACK:  456.4  DEG  F, 

407.8  IN.  W.C. 

H20 

150.228 

2706.505 

1241.152 

3.359 

.559 

LB  H20/LB  DRY  GAS  - 

C02 

13.278 

584.365 

88.465 

.052 

8.131 

%  DRY  GAS  VOL 

CO 

.001 

-037 

99.467 

.000 

8.132 

PPM  DRY  GAS  VOL 

N2 

137.443 

3850.605 

99.071 

eo 

■ 

84.166 

%  DRY  GAS  VOL 

N02 

.016 

.756 

82.624 

.000 

100.651 

PPM  DRY  GAS  VOL 

02 

12.393 

396.588 

89.437 

.035 

7.589 

%  DRY  GAS  VOL 

S02 

.167 

10.719 

64.123 

.001 

1024.607 

PPM  DRY  GAS  VOL 

METAL  SALTS 

.000 

.033 

107.040 

.000 

.004 

GR  DSCF  a  7.0  %  02 

ALKALI  SALTS 

.006 

.558 

107.040 

.000 

.065 

GR  DSCF  a  7.0  %  02 

TOTAL  FLUE  GAS 

313.533 

7550.166 

3.829 

.069 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

313.533 

7550.166 

3.829 

DRY  GAS  TOTAL 

163-305 

4843.661 

.469 

10/20/94  15:32 
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JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


UNIT  4  STACK 


**  MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

672  GAS  FROM  ID  FAN:  456.4  DEG  F, 

407.8  IN.  W.C. 

H20 

150.228 

2706.505 

1241.152 

3.359 

.559 

LB  H20/LB  DRY  GAS 

C02 

13-278 

584.365 

88.465 

.052 

8.131 

%  DRY  GAS  VOL 

CO 

.001 

.037 

99.467 

.000 

8.132 

PPM  DRY  GAS  VOL 

N2 

137.443 

3850.605 

99.071 

.381 

84.166 

%  DRY  GAS  VOL 

N02 

.016 

.756 

82.624 

.000 

100.651 

PPM  DRY  GAS  VOL 

02 

12.393 

396.588 

89.437 

.035 

7.589 

%  DRY  GAS  VOL 

S02 

.167 

10.719 

64.123 

.001 

1024.607 

PPM  DRY  GAS  VOL 

METAL  SALTS 

.000 

-033 

107.040 

.000 

.004 

GR  DSCF  a  7.0  %  02 

ALKALI  SALTS 

.006 

.558 

107.040 

.000 

.065 

GR  DSCF  a  7.0  %  02 

TOTAL  FLUE  GAS 

313.533 

7550.166 

3.829 

.069 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

313.533 

7550.166 

3.829 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

683  GAS  TO  ATMOSPHERE:  456.4  DEG 

F,  406.8  IN. 

W.C. 

H20 

150.228 

2706.505 

1241.152 

3.359 

.559 

LB  H20/LB  DRY  GAS 

C02 

13.278 

584.365 

88.465 

.052 

8.131 

%  DRY  GAS  VOL 

CO 

.001 

.037 

99.467 

.000 

8.132 

PPM  DRY  GAS  VOL 

N2 

137.443 

3850.605 

99.071 

.381 

84.166 

%  DRY  GAS  VOL 

N02 

.016 

.756 

82.624 

.000 

100.651 

PPM  DRY  GAS  VOL 

02 

12.393 

396.588 

89.437 

.035 

7.589 

%  DRY  GAS  VOL 

S02 

.167 

10-719 

64.123 

.001 

1024.607 

PPM  DRY  GAS  VOL 

METAL  SALTS 

.000 

.033 

107.040 

.000 

.004 

GR  DSCF  a  7.0  %  02 

ALKALI  SALTS 

.006 

-558 

107.040 

.000 

.065 

GR  DSCF  a  7.0  %  02 

TOTAL  FLUE  GAS 

313.533 

7550.166 

3.829 

.069 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

313.533 

7550.166 

3.829 

DRY  GAS  TOTAL 

163.305 

4843.661 

-469 

JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32  PAGE  13 


CLIENT:  USAC 

ENGINEER 

:  SLM 

DATA  FILE: 

USAC.DAT 

GAS  FLOW  SUMMARY  AT  APC  DEVICE 

OUTLET 

TEMPERATURE 

PRESSURE 

FLOW 

DRY  GAS 

UNIT  NO 

STREAM 

(DEG  F) 

(IN.  W.C.) 

(ACFM) 

(SCFM) 

1 

PART-  QUENCH 

439.2 

403.8 

3455.493 

1048.758 

2 

BA6HOUSE 

439.2 

383.8 

3635.560 

1048-758 

3 

ID  FAN 

456.4 

407.8 

3487.233 

1048.758 

4 

STACK 

456.4 

406.8 

3495.805 

1048.758 

JOB  NO:  322243 

JOB  DESC:  CIRC  BED 

COMBUSTOR,  1.5  GPM 

RED  WATER 

FLOW,  NORMAL  CASE 

10/20/94 

15:32  PAGE 

CLIENT;  USAC 

ENGINEER:  SLM 

DATA  FILE:  USAC.DAT 

LIQUID  FLOW  SUMMARY 

MAKEUP  STREAMS  TO: 

FLOW 

H20 

TEMP 

D.S. 

S.S. 

(GAL/MIN) 

(LB/HR) 

(DEG  F) 

(LB/HR) 

(LB/HR) 

PART.  QUENCH 

3.100 

1549-051 

60.000 

.310 

.000 

TOTAL 

3.100 

1549.051 

.310 

.000 

DISCHARGE  PURGE: 

TEMP 

H20 

ORGANIC 

D.S. 

S.S. 

ACIDS 

ORIGINATION  SUMP 

(DEG  F) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

PART.  QUENCH 

439.201 

o 

o 

o 

.000 

.310 

.000 

.000 

BAGHOUSE 

439.201 

.000 

-000 

55.197 

3.275 

.000 

TOTAL  PURGE 

.000 

.000 

.000 

55.507 

3.275 

.000 

JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE  9/  9/94  ii:30 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 

HEAT  AND  MATERIAL  BALANCE  PROGRAM  VERSION  6.0 


UNIT  NO  COMBUSTION  DEVICE  BASE  CONDITIONS 


SPECIFIC  HEAT  MOLECULAR  WEIGHT 
(BTU/LB-F)  (LB/LB-MOLE> 


1  CIRC.  BED/CYCLONE 


COMBUSTION  MXULE 
OPERATING  CONDITIONS 


ATM  PRES  (IN.  H20); 
BASE  TEMP  (F): 

TOTAL  NUMBER  OF  FUELS 


406.800  ASH 

60.000  MSALT 
5  ASALT 

FIXED  CARBON 
INERT 
PYRO  GAS 


.270 

100.000 

.270 

100.000 

.270 

100.000 

-220 

12.011 

.270 

100.000 

.500 

100.000 

UNIT  1 


EXIT  GAS  TEMPERATURE  (F)  1300.000 

EXIT  SOLID  TEMPERATURE  (F)  1300.000 

PRESSURE  DROP  (IN.W.C.)  .050 

OUT  PRESSURE  (IN.  W.C.)  406.750 

RADIATION  HEAT  LOSS  .630 

HEAT  LOSS  UNIT  MM  BTU/HR 

HEAT  INPUT  (MM  BTU/HR)  .000 

EXCESS  AIR  (%)  FOR  OXIDIZED  WASTE  52.307 

MINIMUM  XS  AIR  (%)  FOR  OXIDIZED  WASTE  .000 

MINIMUM  02  (%)  IN  EXIT  GAS  7.700 

AIR  TEMPERATURE  TO  BURNER  (F)  60.000 

AIR  HUMIDITY  (LB  H20/LB  DRY  AIR)  .010 

EXCESS  AIR  FOR  AUX  FUEL  (%)  .000 

NAME  OF  AUXILIARY  FUEL  NAT  GAS 

QUENCH  CODE  (1  AIR, 2  H20)  1 

QUENCH  H20  TEMPERATURE  TO  BURNER  (F)  .000 

ASH  IN  EXIT  (%)  6.000 

MSALT  IN  EXIT  (%)  100.000 

ASALT  IN  EXIT  (%)  100.000 

FIXED  CARBON  IN  EXIT  (%)  .000 

C0/C02  COMBUSTION  EFFICIENCY  (%)  99.990 

FUEL  N02  EFFICIENCY  (%)  2.500 


ASH  MODULE  CONDITIONS 


EXIT  STEAM  DESTINATION  ATMOSPHERE 

HEAT  LOSS  (MM  BTU/HR)  .000 

SOLID  EXIT  TEMPERATURE  (F)  .000 

QUENCH  WATER  (GPH)  .000 

MOISTURE  IN  WET  ASH  (%)  .000 

QUENCH  H20  MAKEUP  TEMPERATURE  (F)  60.000 

QUENCH  H20  TSS  (tng/l)  .000 

QUENCH  H20  TDS  (tng/l)  .000 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE  9/  9/94  11:30  PAGE  2 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 


FUEL  TO:  CIRC.  BED/CYCLONE  (PER  HOUR) 


FUEL  NAME  *************************************  COMPONENT  FLOW  TO  FURNACE  ************************************** 


C 

H2 

02 

N2 

H20 

CL2 

s 

p 

NAT  GAS 

PERCENT 

73.928 

24.431 

.891 

.750 

.000 

.000 

,000 

.000 

POUNDS 

30.956 

10.230 

.373 

.314 

.000 

.000 

.000 

.000 

LB-MOLE 

2.577 

5.074 

.012 

.011 

.000 

.000 

.000 

.000 

NAT  GAS 

PERCENT 

73.928 

24.431 

.891 

.750 

.000 

.000 

.000 

.000 

POUNDS 

U.786 

4.886 

.178 

.150 

.000 

.000 

.000 

.000 

LB-MOLE 

1.231 

2.424 

.006 

.005 

.000 

.000 

.000 

.000 

TOT  FUEL 

POUNDS 

45.741 

15.116 

.551 

.464 

.000 

.000 

.000 

.000 

LB-MOLE 

3.808  * 

7.498 

.017 

.017 

.000 

.000 

.000 

.000 

9/9/94  11:30 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 


FUEL  TO:  CIRC.  BED/CYCLONE  (PER  HOUR)  (CONTINUED) 


FUEL  NAME  * 

SI 

r******M**«4 

BR2 

F2 

**  COMPONENT 

ASH 

FLOW  TO  FURNACE  ^ 

MSALT 

ASALT 

F.CARB 

INERTS 

NAT  GAS 

PERCENT 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

,000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

NAT  GAS 

PERCENT 

.000 

-000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000  -000  .000  .000  .000 

.000  .000  .000  .000  .000 


.000 

.000 


TOT  FUEL 
POUNDS 
LB-MOLE 


.000 

.000 


000 

000 


9/  9/94  11:30 


PAGE  4 


JOB  NO:  322243  JOB  OESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE 


CLIENT:  USAC  ENGINEER:  SLM 

UNIT  1  CIRC.  BED/CYCLONE 


***  MASS  AND  ENERGY  IN  *** 


FUELS: 

USE  CODE 

TEMP  DEG  F 

LB/HR 

250 

NAT  GAS 

OXD 

60.00 

41.873 

251 

NAT  GAS 

OXD 

60.00 

20.000 

351  COMBUSTION  AIR 

02 

60.00 

367.521 

N2 

60.00 

1217.442 

H20 

60.00 

15.850 

OVERALL  TOTAL 

1662.686 

***  MASS  AMD  ENERGY  OUT  *** 

350  COMBUSTION  GAS  OUT  ' 

1300.00  DEG  F  ,  406.8 

IN.  W.C. 

LB-MOLES/HR 

LB/HR 

H20 

8.378 

150.935 

C02 

3.808 

167.590 

CO 

.000 

.011 

N2 

43.471 

1217.895 

N02 

o 

o 

.038 

02 

3.944 

126.218 

TOTAL  COMBUSTION  GAS 

59.603 

1662.686 

353  HEAT  LOSS 

TOTAL  HEAT  RELEASED 

354  CO  He  AVAILABLE 

OVERALL  TOTAL 

59.603 

1662.686 

TOTAL  DRY  GAS 

51.225 

1511.751 

DATA  FILE:  1300.DAT 


BTU/LB 

MM  BTU/HR 

%  OF  TOTAL 

HEAT  DUTY 

21800.000 

.913 

66.843081 

21800.000 

.436 

31.926784 

.000 

.000 

.000000 

.000 

.000 

.000000 

1059.900 

.017 

1.230135 

1.366  100.000000 


BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1666.941 

.252 

.100 

LB  H20/LB  DRY  GAS 

318.044 

.053 

7.434 

%  GAS  VOL  (DRY) 

326.009 

.000 

7.434 

PPMV  (DRY) 

322.641 

.393 

84.864 

%  GAS  VOL  (DRY) 

294.719 

.000 

16.168 

PPMV  (DRY) 

298.849 

.038 

7.700 

%  GAS  VOL  (DRY) 

442.404 

.736 

.630 

1.366 

4343.600 

.000 

1.366 

.484 

JOB  NO:  322243  JOB  DESC: 

CLIENT:  USAC 


COMBUSTION  AIR  SUMMARY 
OPERATING  CONDITIONS 


TEMPERATURE  (F) 
PRESSURE  (IN.  U.C.) 
FLOW  (ACFM) 


AIR  (DRY)  TOTAL  (LB/HR) 

AIR  (DRY)  THEORETICAL  (LB/HR) 
AIR  (DRY)  TOT-THEO  (LB/HR) 
EXCESS  AIR  (%) 


TOTAL  02  (LB/HR) 
THEO.  02  (LB/HR) 
TOT-THEO.  02  (LB/HR) 


TOTAL  N2  (LB/HR) 
THEO.  N2  (LB/HR) 
TOT-THEO.  N2  (LB/HR) 


COMBUSTION  GAS  SUMMARY 


TEMPERATURE  (F) 
PRESSURE  (IN.  U.C.) 
FLOW  (ACFM) 


CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE  9/  9/94  11:30  PAGE  5 

ENGINEER:  SLM  DATA  FILE:  1300.DAT 


UNIT  1 


60.000 

406.800 

347.494 


1584.964 

1040.639 

544.324 

52.307 


367.521 
241 .303 
126.218 


1217.442 

799.336 

418.106 


UNIT  1 


1300.000 

406.750 

1276.618 


JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE  9/  9/94  11:32 

CLIENT:  USAC  ENGINEER:  SLH  DATA  FILE:  1300.DAT 

APC  HEAT  AND  MATERIAL  BALANCE  PROGRAM  VERSION  6.0 


BASE  CONDITIONS  AND  INCOMING  GAS  CONDITIONS 


PARTICULATE  STANDARD  INFORMATION 


ATMOSPHERIC  PRESSURE  (IN.  H20)  406.80 
BASE  TEMPERATURE  (DEG  F>  60.00 
INLET  GAS  PRESSURE  (IN.  H20}  406.75 
INLET  GAS  TEMPERATURE  (DEG  F)  1300.00 


PARTICULATE  STANDARD  BASIS  02 
PARTICULATE  STANDARD  BASIS  CONCENTRATION  (%)  7.00 
PARTICULATE  STANDARD  BASIS  CONDITION  DSCF 
PARTICULATE  STANDARD  TEMPERATURE  (DEG  F)  68.00 


UNIT  NO  APC  DEVICE  RECEIVER 


1  PART.  QUENCH 

QUENCH 

SUMP 

2  BAGHOUSE 

DUSTCOLLECT 

3  ID  FAN 

4  STACK 

APC  DEVICE  INFORMATION 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

RECYCLE  FLOW  (GPM) 

o 

o 

o 

o 

o 

o 

o 

o 

RECYCLE  FLOW  (LB/HR) 

.00 

• 

o 

o 

.00 

.00 

OUTLET  PRESSURE  (IN.  H20) 

405.75 

385.75 

415.80 

414.80 

APC  HEAT  LOSS  (MM  BTU/HR) 

o 

o 

o 

o 

.00 

.00 

PERCENT  REMOVAL  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

ASH 

.00 

99.00 

.00 

-00 

METAL  SALTS 

.00 

99.00 

.00 

.00 

ALKALI  SALTS 

o 

o 

99.00 

-00 

o 

o 

RECEIVER 

DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

REC. 

EXISTENCE 

NO 

YES 

NO 

NO 

REC. 

PURGE  DESTINATION 

0 

0 

0 

0 

REC. 

PURGE  TARGET 

DIS 

DIS 

DIS 

DIS 

REC. 

SS  REMOVAL  EFFICIENCY 

.00 

.00 

.00 

.00 

REC. 

HEAT  LOSS  (MM  BTU/HR) 

o 

o 

o 

o 

o 

o 

o 

o 

MAKEUP  STREAM  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

MAKEUP  OPTION 

APC 

APC 

REC 

REC 

MAKEUP  FLOW 

(GPM) 

.65 

.00 

.00 

o 

o 

MAKEUP  TDS 

(MG/L) 

200.00 

.00 

o 

o 

o 

o 

MAKEUP  TSS 

(MG/L) 

.00 

.00 

.00 

o 

o 

MAKEUP  TEMP. 

(DEG  F) 

60.00 

60.00 

60.00 

60.00 

PAGE  6 


JOB  NO:  322243 
CLIENT:  USAC 


JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F, 
ENGINEER:  SLH 


START-UP  CASE  9/  9/94 

DATA  FILE:  1300.DAT 


11:32 


NEUTRALIZATION  STREAM  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

NEUT.  OPTION 

APC 

APC 

REC 

REC 

NEUT.  REAGENT  NAME 

NAOH 

NAOH 

NAOH 

NAOH 

NEUT.  REAG.  TEMP-  (DEG  F) 

60.00 

60.00 

60.00 

60.00 

NEUT.  REAG.  CONC.  (%> 

23.00 

23-00 

20.00 

20.00 

STOICHIOMETRIC  RATIO 

1.00 

1.00 

1.00 

1.00 

OPERATIONAL  LIMITS  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

MIN.  GAS  OUT.  TEMP.  (DEG 

F) 

0. 

0. 

0. 

0. 

PURGE  TDS  CONCENTRATION 

(%) 

0. 

0. 

0. 

0. 

PURGE  TSS  CONCENTRATION 

(%) 

0. 

0. 

0. 

0. 

PURGE  ACID  CONCENTRATION 

(%) 

0. 

0. 

.0. 

0. 

OTHER  GAS  DATA  GAS  1 


NAME  OF  OTHER  GAS  ATM  AIR 

FEED  RATE  (LB/HR)  163.00 

TEMPERATURE  (DEG  F)  60.00 

INPUT  CODE  2. 

DESTINATION  UNIT  NUMBER  1. 


OTHER  GAS  COMP.  DATA  (LB/HR)  GAS  1 


H20  1.63 
N2  123.96 
02  37.41 
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JOB  NO:  322243  JOB 

DESC:  CIRCULATING  BED  COMBUSTOR, 

1300  F,  START* 

“UP  CASE 

9/  9/94  11:32  PAGE 

CLIENT:  USAC 

ENGINEER:  SLM 

DATA  FILE:  1300 

.DAT 

UNIT  1  PART.  QUENCH 

**  MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

350  GAS  FROM  CIRC.  BED/CYCLONE: 

1300.0  DEG  F, 

406.8  IN.  U.C. 

H20 

8.378 

150.935 

1666.941 

-252 

.100 

LB  H20/LB  DRY  GAS 

C02 

3.808 

167.590 

318.044 

.053 

7.434 

%  DRY  GAS  VOL 

CO 

.000 

.011 

326.009 

.000 

7.434 

PPM  DRY  GAS  VOL 

N2 

43.471 

1217.895 

322.641 

.393 

84.864 

%  DRY  GAS  VOL 

N02 

.001 

.038 

294.719 

.000 

16.168 

PPM  DRY  GAS  VOL 

02 

3.944 

126.218 

298.849 

.038 

7.700 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

59.603 

1662.686 

.736 

.000 

GR  DSCF  a  7.0  %  02 

738  ATM  AIR:  60.0  DEG  F 

H20 

.090 

1.630 

1059.900 

.002 

.010 

LB  H20/LB  DRY  GAS 

N2 

4.425 

123.962 

.000 

.000 

79.101 

%  DRY  GAS  VOL 

02 

1.169 

37.409 

.000 

.000 

20.899 

%  DRY  GAS  VOL 

TOTAL  GAS 

5.684 

163.000 

.002 

.000 

GR  DSCF  a  7.0  X  02 

651  MAICEUP  WATER:  60.0  DEG  F 

H20 

18.028 

324.801 

.000 

.000 

TDS 

.001 

.065 

36.000 

.000 

TOTAL  MAICEUP 

18.029 

324.866 

.000 

OVERALL  TOTAL 

83.316 

2150.552 

.737 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

650  GAS  TO  BAGHOUSE: 

429.0  DEG  F, 

405.8  IN.  U.C. 

H20 

26.497 

477.366 

1228.285 

.586 

.285 

LB  H20/LB  DRY  GAS 

C02 

3.808 

167.590 

81.816 

.014 

6.702 

%  DRY  GAS  VOL 

CO 

.000 

.011 

92.493 

.000 

6.703 

PPM  DRY  GAS  VOL 

N2 

47.896 

1341.856 

92.151 

.124 

84.297 

%  DRY  GAS  VOL 

N02 

.001 

.038 

76-465 

.000 

14.576 

PPM  DRY  GAS  VOL 

02 

5.113 

163.626 

83.064 

.014 

8.999 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

83.315 

2150.487 

.737 

.000 

GR  DSCF  a  7.0  X  02 

655  PURGE  FROM  PART. 

QUENCH:  .429. 

0  DEG  F 

ALICALI  SALTS 

.001 

.065 

99.639 

.000 

100.00000 

WT  % 

TOTAL  PURGE 

.001 

.065 

.000 

.00000 

WT  %  TSS 

OVERALL  TOTAL 

83.316 

2150.552 

.737 

DRY  GAS  TOTAL 

56.819 

1673.121 

-151 

9/  9/94  11:32 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 


UNIT  2  BAGHOUSE 


**  MASS  AND  ENERGY  IN  ** 

LB -MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

650  GAS  FROM  PART.  QUENCH:  429.0 

DEG  F,  405.8  IN. 

W.C. 

H20 

26.497 

477.366 

1228.285 

.586 

.285 

LB  H20/L6  DRY  GAS 

C02 

3.808 

167,590 

81.816 

.014 

6.702 

%  DRY  GAS  VOL 

CO 

.000 

.011 

92.493 

.000 

6.703 

PPM  DRY  GAS  VOL 

N2 

47.896 

1341 .856 

92.151 

.124 

84.297 

%  DRY  GAS  VOL 

N02 

.001 

.038 

76.465 

.000 

14.576 

PPM  DRY  GAS  VOL 

02 

5.113 

163.626 

83.064 

.014 

8.999 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

83.315 

2150.487 

.737 

.000 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

83.315 

2150.487 

.737 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

A  GAS  TO  ID  FAN:  429.0  DEG  F, 

385.8  IN.  U.C. 

H20 

26.497 

477.366 

1228.285 

.586 

.285 

LB  H20/LB  DRY  GAS 

C02 

3.808 

167.590 

81.816 

.014 

6.702 

%  DRY  GAS  VOL 

CO 

.000 

.011 

92,493 

.000 

6.703 

PPM  DRY  GAS  VOL 

N2 

47.896 

1341.856 

92.151 

.124 

84.297 

%  DRY  GAS  VOL 

N02 

.001 

.038 

76.465 

.000 

14.576 

PPM  DRY  GAS  VOL 

02 

5.113 

163.626 

83.064 

.014 

8.999 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

83.315 

2150.487 

.737 

.000 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

83.315 

2150.487 

.737 

DRY  GAS  TOTAL 

56.819 

1673.121 

.151 

9/  9/94  11:32 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 


UNIT  2  DUSTCOLLECT 


**  MASS  AMD  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

OVERALL  TOTAL 

.000 

.000 

.000 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

OVERALL  TOTAL 

.000 

.000 

.000 

9/  9/94  11:32 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE 


CLIENT:  USAC  ENGINEER:  SLM 


UNIT  3  ID  FAN 


**  HASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/HR 

661  GAS  FROM  BAGHOUSE:  429.0  DEG 

F,  385.8  IN. 

W.C. 

H20 

26.497 

477.366 

C02 

3.808 

167.590 

CO 

.000 

.011 

N2 

47.896 

1341-856 

N02 

.001 

.038 

02 

5.113 

163.626 

TOTAL  FLUE  GAS 

83.315 

2150.487 

682  HEAT  OF  COMPRESSION 

OVERALL  TOTAL 

83.315 

2150.487 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

672  GAS  TO  STACK:  450.7  DEG  F, 

415.8  IN.  W.C. 

H20 

26.497 

477.366 

C02 

3.808 

167.590 

CO 

.000 

.011 

N2 

47.896 

1341.856 

N02 

.001 

.038 

02 

5.113 

163.626 

TOTAL  FLUE  GAS 

83.315 

2150.487 

OVERALL  TOTAL 

83.315 

2150.487 

DRY  GAS  TOTAL 

56.819 

1673.121 

DATA  FILE:  1300.DAT 


BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1228.285 

.586 

.285 

LB  H20/LB  DRY  GAS 

81.816 

.014 

6.702 

%  DRY  GAS  VOL 

92.493 

.000 

6.703 

PPM  DRY  GAS  VOL 

92.151 

.124 

84.297 

%  DRY  GAS  VOL 

76.465 

.000 

14.576 

PPM  DRY  GAS  VOL 

83.064 

.014 

8.999 

%  DRY  GAS  VOL 

.737 

.000 

GR  DSCF  a  7.0  %  02 

.014 

.751 


BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1238.474 

.591 

.285 

LB  H20/LB  DRY  GAS 

87.078 

.015 

6.702 

%  DRY  GAS  VOL 

98.016 

.000 

6.703 

PPM  DRY  GAS  VOL 

97.632 

.131 

84.297 

%  DRY  GAS  VOL 

81 .339 

.000 

14.576 

PPM  DRY  GAS  VOL 

88.110 

.014 

8.999 

%  DRY  GAS  VOL 

.751 

.000 

GR  DSCF  a  7.0  %  02 

.75l' 

.160 


JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR, 

CLIENT:  USAC  ENGINEER:  SLM 


UNIT  4  STACK 


•*  HASS  AND  ENERGY 

IN  ** 

LB-MOLES/HR 

LBS/HR 

672  GAS  FROM  ID  FAN: 

450.7  DEG  F. 

415-8  IN.  W.C. 

H20 

26.497 

477.366 

C02 

3.808 

167.590 

CO 

.000 

.011 

N2 

47.896 

1341.856 

N02 

.001 

00 

o 

02 

5.113 

163.626 

TOTAL  FLUE  GAS 

83.315 

2150.487 

OVERALL  TOTAL 

83.315 

2150.487 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

683  GAS  TO  ATMOSPHERE:  450.7  DEG 

F,  414.8  IN. 

W.C. 

H20 

26.497 

477.366 

C02 

3.808 

167.590 

CO 

.000 

.011 

N2 

47.896 

1341.856 

N02 

.001 

.038 

02 

5.113 

163-626 

TOTAL  FLUE  GAS 

83.315 

2150.487 

OVERALL  TOTAL 

83.315 

2150.487 

DRY  GAS  TOTAL 

56.819 

1673.121 

1300  F,  START-UP  CASE  9/  9/94  11:32 

DATA  FILE:  1300.DAT 


BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1238.474 

.591 

.285 

LB  H20/LB  DRY  GAS 

87.078 

.015 

6.702 

%  DRY  GAS  VOL 

98.016 

.000 

6.703 

PPM  DRY  GAS  VOL 

97.632 

.131 

84.297 

%  DRY  GAS  VOL 

81 .339 

o 

o 

o 

14.576 

PPM  DRY  GAS  VOL 

88.110 

.014 

8.999 

%  DRY  GAS  VOL 

.751 

.000 

GR  DSCF  a  7.0  X  02 

.751 


BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1238.474 

.591 

.285 

LB  H20/LB  DRY  GAS 

87.078 

.015 

6.702 

%  DRY  GAS  VOL 

98.016 

.000 

6.703 

PPM  DRY  GAS  VOL 

97.632 

.131 

84,297 

%  DRY  GAS  VOL 

81 .339 

.000 

14.576 

PPM  DRY  GAS  VOL 

88,110 

.014 

8.999 

%  DRY  GAS  VOL 

.751 

.000 

GR  DSCF  a  7.0  X  02 

.751 

.160 


9/  9/94  11:32 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 

GAS  FLOW  SUMMARY  AT  APC  DEVICE  OUTLET 


TEMPERATURE 

PRESSURE 

FLOW 

DRY  GAS 

UNIT  NO 

STREAM 

(DEG  F) 

(IN.  W.C.) 

(ACFM) 

(SCFM) 

1 

PART.  QUENCH 

429.0 

405.8 

903.496 

364.906 

2 

BAGHOUSE 

429.0 

385.8 

950.339 

364.906 

3 

ID  FAN 

450.7 

415.8 

903.201 

364.906 

4 

STACK 

450.7 

414.8 

905.379 

364.906 

9/  9/94  11:32 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 


LIQUID  FLOW  SUMMARY 


MAKEUP  STREAMS  TO: 

FLOW 

H20 

<GAL/MIN) 

(LB/HR) 

PART.  QUENCH 

o 

in 

324.801 

TOTAL 

.650 

324.801 

DISCHARGE  PURGE: 

TEMP 

H20 

ORIGINATION  SUMP 

(DEG  F) 

(LB/HR) 

PART.  QUENCH 

429.032 

.000 

TOTAL  PURGE 

.000 

.000 

TEMP 

D.S. 

S.S. 

(DEG  F) 

(LB/HR) 

(LB/HR) 

60.000 

.065 

.000 

.065 

.000 

ORGANIC 

D.S. 

S.S. 

ACIDS 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

.000 

.065 

.000 

o 

o 

o 

.000 

.065 

.000 

.000 

JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE  9/  9/94  11:38 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  IDLE.OAT 

HEAT  AND  MATERIAL  BALANCE  PROGRAM  VERSION  6.0 


UNIT  NO  COMBUSTION  DEVICE  BASE  CONDITIONS 


SPECIFIC  HEAT  MOLECULAR  WEIGHT 
(BTU/LB-F)  (LB/LB-MOLE) 


1  CIRC.  BED/CYCLONE 


COMBUSTION  MODULE 
OPERATING  CONDITIONS 


ATM  PRES  (IN.  H20): 

406.800 

ASH 

.270 

100.000 

BASE  TEMP  (F): 

60.000 

MSALT 

.270 

100.000 

TOTAL  NUMBER  OF  FUELS: 

5 

ASALT 

.270 

100.000 

FIXED  CARBON 

.220 

12-011 

INERT 

.270 

100.000 

PYRO  GAS 

.500 

100.000 

UNIT  1 


EXIT  GAS  TEMPERATURE  (F)  600.000 

EXIT  SOLID  TEMPERATURE  (F)  600.000 

PRESSURE  DROP  (IN.U.C.)  .050 

OUT  PRESSURE  (IN.  W.C.)  406.750 

RADIATION  HEAT  LOSS  •  .630 

HEAT  LOSS  UNIT  MM  BTU/HR 

HEAT  INPUT  (MM  BTU/HR)  .000 

EXCESS  AIR  (%)  FOR  OXIDIZED  WASTE  216.376 

MINIMUM  XS  AIR  (%)  FOR  OXIDIZED  WASTE  .000 

MINIMUM  02  (%)  IN  EXIT  GAS  50.000 

AIR  TEMPERATURE  TO  BURNER  (F)  60.000 

AIR  HUMIDITY  (LB  H20/LB  DRY  AIR)  .010 

EXCESS  AIR  FOR  AUX  FUEL  (%}  .000 

NAME  OF  AUXILIARY  FUEL  NAT  GAS 

QUENCH  CODE  (1  AIR, 2  H20)  1 

QUENCH  H20  TEMPERATURE  TO  BURNER  (F)  .000 

ASH  IN  EXIT  (%)  6.000 

MSALT  IN  EXIT  (%)  100.000 

ASALT  IN  EXIT  (X)  100.000 

FIXED  CARBON  IN  EXIT  (X)  .000 

C0/C02  COMBUSTION  EFFICIENCY  (X)  99.990 

FUEL  N02  EFFICIENCY  (X)  2.500 


ASH  MODULE  CONDITIONS 


EXIT  STEAM  DESTINATION  ATMOSPHERE 

HEAT  LOSS  (MM  BTU/HR)  .000 

SOLID  EXIT  TEMPERATURE  (F)  .000 

QUENCH  WATER  (GPM)  .000 

MOISTURE  IN  WET  ASH  (X)  .000 

QUENCH  H20  MAKEUP  TEMPERATURE  (F)  60.000 

QUENCH  H20  TSS  (mg/l)  .000 

QUENCH  H20  TDS  (mg/l)  .000 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 

CLIENT:  USAC.  ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 


FUEL  TO:  CIRC.  BED/CYCLONE  (PER  HOUR) 


FUEL  NAME  COMPONENT  FLOW  TO  FURNACE 


C 

H2 

02 

N2 

H20 

CL2 

s 

P 

250  NAT  GAS 

PERCENT 

73.928 

24.431 

.891 

.750 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

251  NAT  GAS 

PERCENT 

73.928 

24.431 

.891 

.750 

.000 

.000 

.000 

-000 

POUNDS 

39-182 

12.948 

.472 

.398 

.000 

.000 

,000 

.000 

LB-MOLE 

3.262 

6.423 

.015 

.014 

.000 

-000 

.000 

.000 

TOT  FUEL 

POUNDS 

39.182 

12.948 

.472 

.398 

.000 

.000 

.000 

.000 

LB-MOLE 

3.262. 

6.423 

.015 

.014 

.000 

.000 

.000 

.000 

9/  9/94  11:38 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 


FUEL  TO:  CIRC.  BED/CYCLONE  (PER  HOUR)  (CONTINUED) 


FUEL  NAME  * 

r************ 

**  COMPONENT 

FLOW  TO  FURNACE  ' 

r**4r****illr1lr**** 

************** 

SI 

BR2 

F2 

ASK 

MSALT 

ASALT 

F.CARB 

INERTS 

NAT  GAS 

PERCENT 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

NAT  GAS 

PERCENT 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB -MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

TOT  FUEL 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

9/  9/94  11:38 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 


UNIT  1  CIRC.  BED/CYCLONE 


***  MASS  AND 

ENERGY  IN 

X  OF  TOTAL 

FUELS: 

USE  CODE 

TEMP  DEG  F 

LB/HR 

BTU/LB 

MM  BTU/HR 

HEAT  DUTY 

251  NAT  GAS 

OXD 

60.00 

53.000 

21800.000 

1.155 

97.478146 

351  COMBUSTION  AIR 

02 

60.00 

653.948 

.000 

.000 

.000000 

N2 

60.00 

2166.253 

.000 

.000 

.000000 

H20 

60.00 

28.202 

1059.900 

.030 

2.521854 

======s 

OVERALL  TOTAL 

2901.404 

1.185 

100.000000 

***  HASS  AND  ENERGY 

OUT  *** 

350  COMBUSTION  GAS  OUT 

600.00  DEG  F  ,  406. 

.8  IN.  W.C.  . 

LB-MOLES/HR 

LB/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

H20 

7.988 

143.916 

1309.449 

.188 

.052  LB  H20/LB  DRY  GAS 

C02 

3.262 

143.557 

124.339 

.018 

3.449  X  GAS  VOL  (DRY) 

CO 

.000 

.009 

136.334 

.000 

3.449  PPMV  (DRY) 

N2 

77.336 

2166.641 

135.602 

.294 

81.772  %  GAS  VOL  (DRY) 

N02 

.001 

.033 

115.821 

.000 

7.501  PPMV  (DRY) 

02 

13.977 

447.249 

123.298 

.055 

14.778  %  GAS  VOL  (DRY) 

TOTAL  COMBUSTION  GAS 

102.563 

2901 .404 

191.373 

.555 

353  HEAT  LOSS 

.630 

TOTAL  HEAT  RELEASED 

1.185 

354  CO  He  AVAILABLE 

4343.600 

.000 

OVERALL  TOTAL 

102.563 

2901,404 

1.185 

TOTAL  DRY  GAS 

94.575 

2757.488 

.367 

JOB  NO:  322243  JOB  DESC: 

CLIENT:  USAC 


COMBUSTION  AIR  SUMMARY 
OPERATING  CONDITIONS 


TEMPERATURE  (F) 
PRESSURE  (IN.  W.C.) 
FLOW  (ACFM) 


AIR  (DRY)  TOTAL  (LB/HR) 

AIR  (DRY)  THEORETICAL  (LB/HR) 
AIR  (DRY)  TOT-THEO  (LB/HR) 
EXCESS  AIR  (%) 


TOTAL  02  (LB/HR) 
THEO.  02  (LB/HR) 
TOT-THEO.  02  (LB/HR) 


TOTAL  N2  (LB/HR) 
THEO.  N2  (LB/HR) 
TOT-THEO.  N2  (LB/HR) 


COMBUSTION  GAS  SUMMARY 


TEMPERATURE  (F) 
PRESSURE  (IN.  W.C.) 
FLOW  (ACFM) 


CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE  9/  9/94  11:38 

ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 


UNIT  1 


60.000 

406.800 

618.312 


2820.202 
891 .408 
1928.793 
216.376 


653.948 

206.700 

447.249 


2166.253 

684.709 

1481.545 


UNIT  1 


600.000 

406.750 

1322.916 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE  9/  9/94  11:39 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 

APC  HEAT  AND  MATERIAL  BALANCE  PROGRAM  VERSION  6.0 


BASE  CONDITIONS  AND  INCOMING  GAS  CONDITIONS 


ATMOSPHERIC  PRESSURE  (IN.  H20)  406.80 
BASE  TEMPERATURE  (DEG  F)  60.00 
INLET  GAS  PRESSURE  (IN.  H20)  406.75 
INLET  GAS  TEMPERATURE  (DEG  F)  600.00 


PARTICULATE  STANDARD  INFORMATION 


PARTICULATE  STANDARD  BASIS  02 
PARTICULATE  STANDARD  BASIS  CONCENTRATION  (%}  7.00 
PARTICULATE  STANDARD  BASIS  CONDITION  DSCF 
PARTICULATE  STANDARD  TEMPERATURE  (DEG  F)  68.00 


UNIT  NO  APC  DEVICE 


RECEIVER 


1 

PART.  QUENCH 

QUENCH  SUMP 

2 

BAGHOUSE 

DUSTCOLLECT 

3 

ID  FAN 

4 

STACK 

APC  DEVICE  INFORMATION 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

RECYCLE  FLOW  (GPM) 

.00 

.00 

.00 

.00 

RECYCLE  FLOW  (LB/HR) 

o 

o 

o 

o 

o 

o 

o 

o 

OUTLET  PRESSURE  (IN.  H20) 

405.75 

385.75 

415.80 

414.80 

APC  HEAT  LOSS  (MM  BTU/HR) 

.00 

o 

o 

• 

o 

o 

• 

o 

o 

PERCENT  REMOVAL  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

ASH 

o 

o 

99.00 

• 

o 

o 

o 

o 

METAL  SALTS 

.00 

99.00 

o 

o 

• 

o 

o 

ALKALI  SALTS 

.00 

99.00 

o 

o 

• 

o 

o 

• 

RECEIVER 

DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

REC. 

EXISTENCE 

NO 

YES 

NO 

NO 

REC. 

PURGE  DESTINATION 

0 

0 

0 

0 

REC. 

PURGE  TARGET 

DIS 

DIS 

DIS 

DIS 

REC. 

SS  REMOVAL  EFFICIENCY 

.00 

o 

o 

o 

o 

.00 

REC. 

HEAT  LOSS  (MM  BTU/HR) 

o 

o 

o 

o 

o 

o 

o 

o 

MAKEUP  STREAM  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

MAKEUP 

OPTION 

APC 

APC 

REC 

REC 

MAKEUP 

FLOW 

(GPM) 

.20 

.00 

.00 

.00 

MAKEUP 

TDS 

(MG/L) 

200.00 

.00 

.00 

.00 

MAKEUP 

TSS 

(MG/L) 

.00 

.00 

.00 

.00 

MAKEUP 

TEMP. 

(DEG  F) 

60.00 

60.00 

60.00 

60.00 
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JOB  NO:  322243 
CLIENT:  USAC 


JOB  DESC:  CIRCULATING  BED  COHBUSTOR,  600  F. 

ENGINEER:  SLM 


HOT  IDLE  CASE 

DATA  FILE: 


9/  9/94 

IDLE.DAT 


11:39 


NEUTRALIZATION  STREAM  DATA 


NEUT.  OPTION 
NEUT.  REAGENT  NAME 
NEUT.  REAG.  TEMP.  (DEG  F) 
NEUT.  REAG.  CONC.  (%) 
STOICHIOMETRIC  RATIO 


OPERATIONAL  LIMITS  DATA 


MIN.  GAS  OUT.  TEMP.  (DEG  F) 
PURGE  TDS  CONCENTRATION  (%) 
PURGE  TSS  CONCENTRATION  (X) 
PURGE  ACID  CONCENTRATION  (X) 


UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

APC 

APC 

REC 

REC 

NAOH 

NAOH 

NAOH 

NAOH 

60.00 

60.00 

60.00 

60.00 

23.00 

23.00 

20.00 

20.00 

1.00 

1.00 

1.00 

1.00 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.0. 

0. 

OTHER  GAS  DATA  GAS  1 


NAME  OF  OTHER  GAS  ATM  AIR 

FEED  RATE  (LB/HR)  50.00 

TEMPERATURE  (DEG  F>  60.00 

INPUT  CODE  2. 

DESTINATION  UNIT  NUMBER  1. 


OTHER  GAS  COMP.  DATA  (LB/HR)  GAS  1 


H20  .50 
N2  38.03 
02  11.48 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 


UNIT  1  PART.  QUENCH 


MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

350  GAS  FROM  CIRC.  BED/CYCLONE: 

600.0  DEG  F, 

406.8  IN.  W.C. 

H20 

7.988 

143.916 

1309.449 

.188 

.052 

LB  H20/LB  DRY  GAS 

C02 

3.262 

143.557 

124.339 

.018 

3-449 

%  DRY  GAS  VOL 

CO 

.000 

.009 

136.334 

.000 

3.449 

PPM  DRY  GAS  VOL 

N2 

77.336 

2166.641 

135.602 

.294 

81.772 

%  DRY  GAS  VOL 

N02 

.001 

.033 

115-821 

.000 

7.501 

PPM  DRY  GAS  VOL 

02 

13.977 

447.249 

123.298 

.055 

14.778 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

102.563 

2901 .404 

.555 

.000 

GR  DSCF  a  7.0  %  02 

738  ATM  AIR:  60.0  DEG  F 

H20 

.028 

.500 

1059.900 

.001 

.010 

LB  H20/LB  DRY  GAS 

N2 

1.357 

38.025 

.000 

.000 

79.101 

%  DRY  GAS  VOL 

02 

.359 

11.475 

.000 

.000 

20.899 

%  DRY  GAS  VOL 

TOTAL  GAS 

1.744 

50.000 

.001 

.000 

GR  DSCF  a  7.0  %  02 

651  MAKEUP  WATER:  60.0  DEG  F 

H20 

5.547 

99.939 

o 

o 

o 

.000 

TDS 

.000 

.020 

36.000 

.000 

TOTAL  MAKEUP 

5.547 

99.959 

.000 

OVERALL  TOTAL 

109.854 

3051.362 

.556 

**  MASS  AND  ENERGY 

OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

650 

GAS  TO  BAGHOUSE: 

432.3 

DEG  F,  405.8  IN.  W.C. 

H20 

13.563 

244.355 

1229.803 

.301 

.087 

LB  H20/LB  DRY  GAS 

C02 

3.262 

143.557 

82.599 

.012 

3.387 

%  DRY  GAS  VOL 

CO 

.000 

.009 

93.316 

.000 

3.388 

PPM  DRY  GAS  VOL 

N2 

78.693 

2204.666 

92.968 

.205 

81.724 

%  DRY  GAS  VOL 

N02 

.001 

.033 

77.190 

.000 

7.367 

PPM  DRY  GAS  VOL 

02 

14.335 

458.724 

83.815 

.038 

14.887 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

109.854 

3051-342 

.556 

.000 

GR  DSCF  a  7.0  %  02 

655 

PURGE  FROM  PART. 

QUENCH; 

:  432.3  DEG  F 

ALKALI  SALTS 

-000 

.020 

100.513 

.000 

100.00000 

UT  X 

TOTAL  PURGE 

.000 

.020 

.000 

.00000 

WT  %  TSS 

OVERALL  TOTAL 
DRY  GAS  TOTAL 


109.854 

96-291 


3051.362 

2806.988 


.556 

.255 


JOB  NO:  322243 
CLIENT:  USAC 


JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE  9/  9/94  11:39  PAGE  9 

ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 


UNIT  2  BAGHOUSE 


**  MASS  AND  ENERGY 

IN  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

650  GAS  FROM  PART.  QUENCH; 

432.3  DEG  F,  405.8  IN. 

U.C. 

H20 

13.563 

244.355 

1229.803 

.301 

.087 

LB  H20/LB  DRY  GAS 

C02 

3.262 

143.557 

82.599 

.012 

3-387 

%  DRY  GAS  VOL 

CO 

.000 

.009 

93.316 

.000 

3.388 

PPM  DRY  GAS  VOL 

N2 

78.693 

2204.666 

92.968 

.205 

81.724 

%  DRY  GAS  VOL 

N02 

.001 

.033 

77.190 

.000 

7.367 

PPM  DRY  GAS  VOL 

02 

14.335 

458.724 

83.815 

.038 

14.887 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

109.854 

3051.342 

.556 

.000 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

109.854 

3051.342 

.556 

**  MASS  AND  ENERGY 

OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

661  GAS  TO  ID  FAN:  ^ 

432.3  DEG  F,  385.8  IN.  W.C. 

H20 

13.563 

244.355 

1229.803 

.301 

.087 

LB  H20/LB  DRY  GAS 

C02 

3.262 

143.557 

82.599 

.012 

3.387 

%  DRY  GAS  VOL 

CO 

.000 

.009 

93.316 

.000 

3.388 

PPM  DRY  GAS  VOL 

N2 

78.693 

2204.666 

92.968 

.205 

81.724 

%  DRY  GAS  VOL 

N02 

.001 

.033 

77.190 

.000 

7.367 

PPM  DRY  GAS  VOL 

02 

14.335 

458.724 

83.815 

.038 

14.887 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

109.854 

3051.342 

.556 

.000 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

109.854 

3051-342 

.556 

DRY  GAS  TOTAL 

96.291 

2806.988 

.255 

9/  9/94  11:39 
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JOB  NO:  322243 
CLIENT:  USAC 

UNIT  2  DUSTCOLLECT 
**  MASS  AND  ENERGY  IN 
OVERALL  TOTAL 

**  MASS  AND  ENERGY  OUT 


JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 

ENGINEER:  SLH  DATA  FILE:  IDLE.DAT 


** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

.000 

.000 

.000 

** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

OVERALL  TOTAL 


000 


000 


000 


9/  9/94  11:39 


PAGE  11 


JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 


CLIENT:  USAC  ENGINEER:  SLM 


UNIT  3  ID  FAN 


**  MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/HR 

661  GAS  FROM  BAGHOUSE:  432.3  DEG 

F,  385.8  IN. 

U.C. 

H20 

13.563 

244.355 

C02 

3.262 

143-557 

CO 

.000 

.009 

N2 

78.693 

2204.666 

N02 

.001 

.033 

02 

14.335 

458.724 

TOTAL  FLUE  GAS 

109-854 

3051.342 

682  HEAT  OF  COMPRESSION 

OVERALL  TOTAL 

109.854 

3051.342 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

672  GAS  TO  STACK:  455.0  DEG  F, 

415.8  IN.  U.C. 

K20 

13.563 

244.355 

C02 

3.262 

143.557 

CO 

.000 

.009 

N2 

78.693 

2204.666 

N02 

.001 

.033 

02 

14.335 

458.724 

TOTAL  FLUE  GAS 

109.854 

3051.342 

OVERALL  TOTAL 

109.854 

3051.342 

DRY  GAS  TOTAL 

96-291 

2806.988 

DATA  FILE:  IDLE.DAT 


BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1229.803 

.301 

.087 

LB  H20/LB  DRY  GAS 

82.599 

.012 

3.387 

X  DRY  GAS  VOL 

93.316 

.000 

3.388 

PPM  DRY  GAS  VOL 

92.968 

.205 

81.724 

%  DRY  GAS  VOL 

77.190 

.000 

7-367 

PPM  DRY  GAS  VOL 

83.815 

.038 

14.887 

X  DRY  GAS  VOL 

.556 

.000 

GR  DSCF  a  7.0  %  02 

.018 

.574 


BTU/LB  MM  BTU/HR  CONCENTRATION 


1240.451 

.303 

.087 

LB  H20/LB  DRY  GAS 

88.102 

.013 

3.387 

%  DRY  GAS  VOL 

99.086 

.000 

3.388 

PPM  DRY  GAS  VOL 

98.694 

.218 

81.724 

%  DRY  GAS  VOL 

82.288 

.000 

7.367 

PPM  DRY  GAS  VOL 

89.089 

.041 

14.887 

%  DRY  GAS  VOL 

in 

• 

.000 

GR  DSCF  a  7.0  %  02 

.574 

.271 


9/  9/94  11:39 


PAGE  12 


JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR 

CLIENT:  USAC  ENGINEER:  SLM 


UNIT  4  STACK 


**  MASS  AND  ENERGY 

IN  ** 

LB-MOLES/HR 

LBS/HR 

672  GAS  FROM  ID  FAN: 

455.0  DEG  F, 

415.8  IN.  W.C. 

H20 

13.563 

244.355 

C02 

3.262 

143.557 

CO 

.000 

.009 

N2 

78.693 

2204.666 

N02 

.001 

.033 

02 

14.335 

458.724 

TOTAL  FLUE  GAS 

109.854 

3051.342 

OVERALL  TOTAL 

109.854 

3051.342 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

683  GAS  TO  ATMOSPHERE:  455.0  DEG 

F,  414.8  IN. 

U.C. 

H20 

13.563 

244.355 

C02 

3.262 

143.557 

CO 

.000 

.009 

N2 

78.693 

2204.666 

N02 

.001 

.033 

02 

14.335 

458.724 

TOTAL  FLUE  GAS 

109.854 

3051.342 

OVERALL  TOTAL 

109.854 

3051.342 

DRY  GAS  TOTAL 

96.291 

2806.988 

600  F,  HOT  IDLE  CASE 

DATA  FILE:  IDLE.DAT 


BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1240.451 

.303 

.087 

LB  H20/LB  DRY  GAS 

88.102 

.013 

3.387 

%  DRY  GAS  VOL 

99.086 

.000 

3.388 

PPM  DRY  GAS  VOL 

98.694 

.218 

81.724 

%  DRY  GAS  VOL 

82.288 

.000 

7.367 

PPM  DRY  GAS  VOL 

89.089 

.041 

14.887 

%  DRY  GAS  VOL 

.574 

.000 

GR  DSCF  a  7.0  X  02 

.574 


BTU/LB  MM  BTU/HR  CONCENTRATION 


1240.451 

.303 

.087 

LB  H20/LB  DRY  GAS 

88.102 

.013 

3.387 

%  DRY  GAS  VOL 

99.086 

.000 

3.388 

PPM  DRY  GAS  VOL 

98.694 

.218 

81.724 

%  DRY  GAS  VOL 

82.288 

.000 

7.367 

PPM  DRY  GAS  VOL 

89.089 

.041 

14.887 

%  DRY  GAS  VOL 

.574 

.000 

GR  DSCF  a  7.0  %  02 

.574 

.271 


9/  9/94  11:39 
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JOB  HO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 

GAS  FLOW  SUMMARY  AT  APC  DEVICE  OUTLET 


TEMPERATURE 

PRESSURE 

FLOW 

DRY  GAS 

UNIT  NO 

STREAM 

(DEG  F) 

(IN.  W.C.) 

(ACFM) 

(SCFM) 

1 

PART.  QUENCH 

432. 3 

405.8 

1195.635 

618.411 

2 

BAGHOUSE 

432.3 

385.8 

1257.625 

618.411 

3 

ID  FAN 

455.0 

415.8 

1196.404 

618.411 

A 

STACK 

455.0 

414.8 

1199.288 

618.411 

JOB  NO:  322243 

JOB  DESC:  CIRCULATING 

BED  COMBUSTOR, 

600  F,  HOT 

IDLE  CASE 

9/  9/94 

11:39  PAGE 

CLIENT:  USAC 

ENGINEER:  SLM 

DATA  FILE: 

IDLE.DAT 

LIQUID  FLOW  SUMMARY 

MAKEUP  STREAMS  TO: 

FLOW 

H20 

TEMP 

D.S. 

S.S. 

(GAL/MIN) 

(LB/HR) 

(DEG  F) 

( LB/HR } 

(LB/HR) 

PART.  QUENCH 

.200 

99.939 

60.000 

.020 

.000 

TOTAL 

.200 

99.939 

.020 

.000 

DISCHARGE  PURGE: 

TEMP 

H20 

ORGANIC 

D.S. 

S.S. 

ACIDS 

ORIGINATION  SUMP 

(DEG  F) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

PART.  QUENCH 

432.272 

.000 

.000 

.020 

.000 

.000 

TOTAL  PURGE 

.000 

.000 

.000 

.020 

.000 

.000 

CONCEPTUAL  DESIGN  AND  RELATED  DOCUMENTS 


13.0  PILOT  PLANT  COST  ESTIMATE 


U.S.  Army  Environmental  CentCT 
Red  Water  Treatment  Technology 
Test  Plan  and  Site  Preparation 
Aberdeen  Proving  Ground,  Maryland 


KNU585\WP15g5VDl-1^95«)l  IVEl 


COMPANY  NAME:  IT  Corporation 

PROJECT  NAME:  USAEC 

LOCATION:  Aberdeen  Proving  Ground,  Maryland 


FRQJBCTNO;  322243 
SPEC.  NO.: 

WP:  WP1585.13 


13.0  Pilot  Plant  Cost  Estimate 

The  pilot  plant  cost  estimate  includes  the  equipment  purchase  costs,  integration  costs, 
installation  costs,  process  and  detail  engineering  costs,  and  constraction  advice  costs  (Table 
13-1).  The  summary  cost  sheets  for  each  of  these  items  are  attached.  Vendor  quotations  for 
major  equipment  are  included  in  this  chapt^. 

This  cost  estimate  has  an  accuracy  of  plus  or  minus  20  percent.  More  accurate  costs  can  be 
gathered  during  the  detail  design  phase. 


By:  PA 
Checked:  PO 
Approved:  PA 
Date:  01A2y95 


Pilot  Plant  Cost  Estimate  Area  No.: 

IT  PCE  AieaName:  AllAreas 

Knoxville,  Tennessee 

Rev.  No.  (0)  (1)  Page:  1  of  1 


Table  13-1 


Summary  of  CBC  Pilot  Plant  Price 


item(s) 

Total  Price  ($) 

Total  Equipment 

$805,222 

Trailers 

$220,800 

Infrastructure 

$676,370 

Process  Ertgineering 

$51,875 

Detail  Design  Engineering 

$206,587 

Project  Management 

$144,855 

Construction  Advice 

$51,757 

TOTAL  BASE  PRICE 

$2,157,466 

Optional  Building  Price 

Buiiding 

$122,400 

TOTAL 

$2,279,866 

KN/158S/WP1585.131/01A2/95/DO/EI 


USAEC  Pilot  Plant  Cost  Estimate 


USACE/CBC 

PROJECT  #  322423.002.03.005 
ESTIMATOR:  FHG  CHECKED:  PCL 

SCOPE  /PFD's  &  P&  ID'S _ ^11/09/94 
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MECHANICAL  DATA  BOOKS  1  80  80  - ISiW 

SUBTOTAL  OTHER  DESIGN  PRODUCTS _  $Q5,^B9 

TOTAL  ENQINEERiNQ  I  I  I _ $278,801 


DATE:  11/09/94 


U.S.  Army  Environmental  Center  -  CBC  Estimate 

PROJECT  MANAGEMENT  COST 


CLIENT:  USAEC 
PROPOSAL:  322423.002.03.005 


MANPOWER 

ESTIMATED 

HOURS 

DIRECT 

RATE 

DIRECT  COST 

PROJECT  MGMT-CMC 

40 

$41.00 

$1,640 

PROJECT  MANAGEMENT 

320 

$35.00 

$11,200 

COST  &  SCHEDULING 

40 

$33.00 

$1,320 

PROJECT  ADMINISTRATOR 

100 

$3000 

$3,000 

PROJECT  ENGINEER 

160 

$30.00 

$4,800 

PROCUREMENT  /  EXPEDITING 

160 

$30.00 

$4,800 

PROJECT  COORDINATOR 

160 

$24.00 

$3,840 

DOCUMENT  CONTROLypRObUCTION 

80 

$24.00 

$1,920 

ADMINISTRATION  /  SECRETARIAL 

160 

$8.00 

$1,280 

PRODUCE  OPERATING  MANUALS 

80 

$24.00 

$1,920 

AS-BUILT  DRAWINGS 

160 

$24.00 

$3,840 

Subtotal 

1,460 

303 

$39,560 

COMPUTER  USAGE 

COMPUTER  USAGE  CHARGES 

365 

$6.08 

$2,219 

EXPENSES 

DIRECT  COST 

TRAVEL  &  EXP-PROJ  MGMT  &  ENG  (5  TRIPS) 

LUMP  SUM  @1,000/ TRIP 

$5,000 

SOURCE  INSPECTION  -  DOMESTIC  (5  TRIPS) 

LUMP  SUM  @$1,000 /TRIP 

$5,000 

OFFICE  EXPENSES 

ESTIMATE 

$3,000 

PROJECT  MANAGEMENT  EXPENSES 

$13,000 

TOTAL  PROJECT  MANAGEMENT  COST 


$54,779 


DATE:  11/09/94 


U.S.  Army  Environmental  Center  -  CBC  Estimate 

CONSTRUCTION  /  INSTALLATION  ADVICE 


CLIENT:  USA£C 
PROPOSAL:  322423.002.03.005 


Installation  &  Construction  Advice 


Men 

Hrs/Wk 

\A/ks/Mo 

Units 

Unit 

Cost 

Total 

Labor 

Total 

Other 

LABOR 

1 

40 

4.33 

2 

mos 

$35 

$12,124 

MEALS 

1 

2 

mos 

$1,050 

$2,100 

AIRFARE 

1 

2 

trips 

$1,800 

IIIIQSIS 

LODGING 

1 

2 

mos 

$1,800 

$3,600 

MISC. 

1 

2 

mos 

$750 

$1,500 

$12,124 

$10,800 

Page:  8 


USACE-CBC  PROJECT 
PROJECT  #  322243.002.03.005 
EQUIPMENT  COSTS 


SCOPE  PER  P  &ID  DWG  322243-20-1 1-OC 

11  REV  A,  322243-20-1 1-002  REV  A,  &  322243-50-1 1-OC 

11  REV  A 

ITEM 

NO. 

ITEM. 

QTY. 

UNIT 

MATERIAL 

LABOR 

LABOR 

OTHER 

TOTAL 

COSTS 

HOURS 

COSTS 

COSTS 

COSTS 

53 

TAHH-PANEL  MOUNT 

3 

EA 

$795 

12 

$300 

$1,095 

54 

TSHH-PANEL  MOUNT 

3 

EA 

$795 

12 

$300 

$1,095 

55 

TIC-PANEL  MOUNT 

4 

EA 

$1,060 

16 

$400 

$1,460 

56 

FAL-PANEL  MOUNT 

2 

EA 

$530 

8 

$200 

$730 

57 

FSL-PANEL  MOUNT 

1 

EA 

$265 

4 

$100 

$365 

58 

PAL-PANEL  MOUNT 

2 

EA 

$530 

8 

$200 

$730 

59 

PAHH-PANEL  MOUNT 

3 

EA 

$795 

12 

$300 

$1,095 

60 

PSHH-PANEL  MOUNT 

1 

EA 

$265 

4 

$100 

$365 

61 

BALL-PANEL  MOUNT 

1 

EA 

$285 

4 

$100 

$385 

62 

BSLL-PANEL  MOUNT 

1 

EA 

$285 

4 

$100 

$385 

63 

TALL-PANEL  MOUNT' 

2 

EA 

$590 

8 

$200 

$790 

64 

TSLL-PANEL  MOUNT 

2 

EA 

$590 

8 

$200 

$790 

65 

TY-PANEL  MOUNT 

3 

EA 

$885 

12 

$300 

$1,185 

66 

TI's-PANEL  MOUNT 

5 

EA 

$1,275 

20 

$500 

$1,775 

67 

ISHH-PANEL  MOUNT 

1 

EA 

$255 

4 

$100 

$355 

68 

lAHH-PANEL  MOUNT 

1 

EA 

$265 

4 

$100 

$365 

69 

ll-PANEL  MOUNT 

1 

EA 

$235 

4 

$100 

$335 

70 

PSLL-PANEL  MOUNT 

2 

EA 

$510 

8 

$200 

$710 

71 

PDIC-PANEL  MOUNT 

1 

EA 

$255 

4 

$100 

$355 

72 

FIC-PANEL  MOUNT 

1 

EA 

$255 

4 

$100 

$355 

73 

FY-PANEL  MOUNT 

1 

EA 

$255 

4 

$100 

$355 

74 

PDI-PANEL  MOUNT 

1 

EA 

$255 

4 

$100 

$355 

75 

FALL-PANELMOUNT 

4 

EA 

$1,020 

16 

$400 

$1,420 

76 

FSLL-PANEL  MOUNT 

3 

EA 

$765 

12 

$300 

$1,065 

77 

FR-PANEL  MOUNT 

3 

EA 

$765 

12 

$300 

$1,065 

78 

PAH-PANEL  MOUNT 

1 

EA 

$255 

4 

$100 

$355 

TOTAL-INSTRUMENTS 

242 

EA 

$49,825 

822 

$20,550 

$10,000 

$80,375 

WIRING  &  CABLE  TRAY 

1 

LS 

■  $15,150 

202 

$5,050 

$20,200 

TUBING  ALLOWANCE 

1 

LS 

$17,625 

282 

$7,050 

$24,675 

TOTAL  COSTS 

1 

LS 

$82,600 

1,306 

$32,650 

$10,000 

$125,250 

OVERHEAD  &  PROFIT 

1 

$8,260 

$3,265 

$11,525 

@10%OFLB’R  AMATL 

TOTAL  PRICE 

$90,860 

$35,915 

$10,000 

$136,775 

PANEL  MTD  INSTRUM 

ENT  PR 

CES  REFLECT  COST  OF  PANEL  IN  THEIR  PRICE  (APPORTIONED) 

joe  xM.xo  1  u .  cm-iri-CD  r  ^caiuin  cu  ItL  MU-MNUAVil-i_titolD— KIdl 


PCXST  OFFICE  BOX  10707 
ZIP37F39-0707 


CHARLES  F.  SEXTON  COMPANY 
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14.0  Recommended  Tests  and  Analyses 


This  chapter  identified  tests  and  analyses  recommended  for  the  pilot  plant  test 

14.1  Circulating  Bed  Combustor  Unit 

The  following  tests  should  be  conducted  in  the  CBC  unit  to  optimize,  select,  and  evaluate 
various  parameters. 

•  Optimize  the  Bed  Depth.  The  bed  depth  should  be  varied  from  4  to  8  feet  in 
the  unit  and  the  differential  pressure  (DP)  across  the  CBC  measured  at  each  bed 
depth.  The  bed  depth  should  then  be  optimized  based  on  the  CBC  performance 
(e.g.,  destruction/rcmoval  efficiency  [DRE],  thermal  efficiency)  and  the 
differential  pressure  across  the  CBC. 

•  Select  the  Appropriate  Bed  Material.  Several  bed  materials  were  evaluated 
in  Chapter  3.0  primarily  from  the  agglomeration  and  heat  transfer  point  of  view. 
Different  materials  of  different  particle  size  distribution  (PSD)  should  be  tested 
in  the  CBC  unit  for  agglomeration  potential  and  heat  transfer.  Based  on  these 
tests,  the  final  bed  material  and  its  PSD  selection  should  be  made. 

•  Evaluate  the  Use  of  Limestone  as  a  Neutralizing  Media.  SO^  generation 
for  the  red  water  combustion  at  1600°F  has  been  estimated  in  Chapter  3.0. 
However,  the  SOj^  generation  rate  should  be  measured  at  full  load,  and  the 
effectiveness  of  limestone  to  neutralize  SO,^  (and,  if  necessary  HQ)  should  be 
evaluated.  If  limestone  performs  inadequately,  lime  slurry  injection  at  the  partial, 
quench  should  be  consido’ed  and  evaluated. 

•  Evaluate  Impact  of  Steam  in  Circulating  Bed.  At  a  peak  red  water  feed 
rate  of  1.5  gpm,  large  quantities  of  steam  will  be  generated.  The  steam  will 
travel  upwards  with  the  circulating  media  through  the  cyclone  and  then  to  the 
APCS.  The  impact  of  steam  on  the  circulating  media  should  be  assessed,  with 
special  attention  to  particle  stickiness  and  agglomeration. 

•  Evaluate  System  Turn  Down  Capability.  The  ability  of  the  system  to 
operate  at  a  steady  state  should  be  evaluated  at  different  red  water  feed  rates. 

•  Evaluate  System  Performance.  At  maximum  red  water  feed  rate,  the  stack 
gases  should  be  sampled  and  analyzed  to  determine  the  DRE  of  the  nitrobodies; 
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particulate  HQ,  SO^,  and  NO^  emissions;  and  the  emission  rates  of  the  ten 
Resource  Conservation  and  Recovery  Act  (RCRA)  metals.  In  addition,  the 
cooled  ash  should  be  analyzed  for  nitrobodies,  salts,  and  die  ten  RCRA  metals. 

•  Finalize  Start-Up  Burner  Location.  Cunendy,  a  Vortex-type  start-up  burner 
is  located  at  the  bottom  of  the  CBC  to  preheat  the  combustion  air  entering  the 
bed.  However,  if  any  problems  arise  due  to  the  location  of  the  burner,  the 
burner  can  be  located  above  the  bed.  The  burner  location  should  be  finalized 
during  the  tests  based  on  the  burner  performance  at  the  proposed  location. 

•  Determine  the  Optimum  Gas  Velocity  in  the  CBC.  The  gas  velocity  in 
the  CBC  is  key  for  proper  recirculation  of  the  bed  material  and  optimum 
performance  of  the  cyclone.  The  CBC  should  be  operated  at  different  velocities 
(10  to  25  feet/sec),  and  the  CBC/cyclone  performance  (e.g.,  carryover  and 
particulate  separation)  evaluated.  Based  on  these  results,  the  optimum  gas 
velocity  for  the  CBC  unit  can  be  determined. 

14.2  Hot  Cyclone  Unit.  This  section  discusses  issues  relating  to  cyclone/loop-seal 
performance. 


•  Evaluate  Cyclone/Loop-Seal  Performance: 

-  The  particulate  slip  from  the  cyclone  should  be  measured  at  various  inlet  gas 
velocities  (30  to  60  feet/sec)  and  DPs  to  determine  the  optimum  DP  across 
the  cyclone;  the  objective  is  to  minimize  particulate  slip. 

-  The  loop-seal  should  be  operated  at  various  loop-seal  purge  air  flow  rates  to 
determine  the  optimum  purge  rate  for  the  reliable  and  efficient  transfer  of  bed 
material  back  to  the  CBC. 

-  Percentage  of  theoretical  NO^  emissions  formed  is  determined  at  peak  red 
water  feed  rate.  Also,  the  stack  gases  are  observed  for  the  reddish-brown 
visual  emissions  of  high  concentration  of  NOj^. 

-  If  the  uncontrolled  NO^  emissions  are  unacceptable,  and  depending  on  the 
magnitude  of  the  emissions  and  the  required  removal  efficiencies,  a  deNO^^ 
system  should  be  tested.  Based  on  the  NO^  emission  requirements,  a  thermal 
deNOjj  system  may  be  adequate.  Such  a  system  can  be  retrofitted  at  the  duct 
exiting  the  hot  cyclone.  NO^  removal  efficiency  using  the  thermal  deNO^ 
system  should  be  determined  at  the  peak  red  water  feed  rate. 
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14.3  Air  Pollution  Control  System 

The  APCS  consists  of  a  partial  quench,  baghouse,  LD.  fan,  stack,  and  CEM  system.  The 
mechanical  and  process  performance  of  each  piece  of  the  equipment  at  peak  and  turn  down 
conditions  should  be  determined. 

•  Determine  the  Optimum  Air/Cloth  Ratio  In  the  Baghouse.  The  system 
is  designed  for  an  air-to-cloth  ratio  of  3:1  at  full  load  conditions.  The  baghouse 
performance  for  particulate  removal  should  be  determined  at  various  air-to-cloth 
ratios  ranging  from  1  to  3. 

•  Precoating  of  Bags  with  Lime.  The  baghouse  is  sized  and  designed  to 
remove  friable  particulates  and  fine  salt  particles  because  the  salts  can  be  sticky, 
especially  in  the  juesence  of  high  moisture  in  the  flue  gas.  An  evaluation  should 
be  made  whether  a  lime  precoat  on  the  bags  will  improve  the  operational 
reliability. 


By:  PA  Recommended  Tests  and  Analyses  Area  No.: 

Checked:  PO  FT  PCE  Area  Name:  All  Areas 

Approved:  PA  Knoxville,  Tennessee 

Date:  01A2/95  Rev.  No.  (0)  (1) 


Page:  3  of  3 


CONCEPTUAL  DESIGN  AND  RELATED  DOCUMENTS 


15.0  OPERATIONS  AND  SAFETY  CONSIDERATIONS 


U.S.  Army  Environmental  Center 
Red  WatCT  Treatment  Technology 
Test  Plan  and  Site  Preparation 
Aberdeen  Proving  Ground,  Maryland 


KNMSSSWPlSSyOl-ia-SSVDl  I'El 


CX)MPANY  NAME:  IT  Coipoxaiioii 

PROJECT  NAME:  USAEC 

LOCATION:  Aberdeen  Proving  Ground,  Maryland 


PRQIBCrNO;  32220 
SPEC.  NO.: 

WP:  WP1585.15 


15.0  Operations  and  Safety  Considerations 


15.1  Introduction 

The  protection  of  workers  and  environmental  health  and  safety  (H&S)  are  major  concerns 
during  project  implementation  and  cannot  be  compromised.  This  document  presents  a 
description  of  special  H&S  precautions  related  to  operating  and  sampling  a  CBC  for  the 
destruction  of  red  water  fra-  USAEC.  This  document  is  not  intended  to  serve  as  the  site 
health  and  safety  plan  (HASP). 

15.2  Regulations  and  Guidelines 

All  activities  conducted  during  the  incineration  of  red  water  must  be  in  compliance  with 
applicable  requirements  of  the  following  publications: 

•  29  Code  of  Federal  Regulations  (CFR)  1926,  Constraction  Industry,  Occupa¬ 
tional  Safety  and  Health  Administration  (OSHA)  Safety  and  Health  Standards 

•  29  CFR  1910,  General  Industry  OSHA  Safety  and  Health  Standards 

•  29  CFR  1910.120,  OSHA  Final  Rule  dated  March  6,  1989,  "Hazardous  Waste 
Operations  and  Emergency  Response" 

•  National  Institute  of  Occupational  Safety  and  Health  (NIOSH)/OSHAyUSCGAJ.S 
Environmental  Protection  Agency  (EPA),  "Occupational  Safety  and  Health 
Guidance  Manual  for  Hazardous  Waste  Site  Activities,"  October  1985 

•  American  Conference  of  Governmental  Industrial  Hygienists  (ACGIH),  "Thresh¬ 
old  limit  Values  and  Biological  Exposure  Indices,"  1989-1990,  or  most  current 
version 

•  U.S.  Department  of  Health  and  Human  Services  (DHHS),  "NIOSH  Sampling  and 
Analytical  Methods,"  DHHS  (NIOSH)  PubUcation  84-100 

•  American  National  Standards  Institute  (ANSI),  Practice  for  Respiratory  Protec¬ 
tion,  2^8.2,  1980 

•  ANSI,  Emergency  Eyewash  and  Shower  Equipment,  Z41.1,  1983 

•  ANSI,  Protective  Footwear,  Z358.1,  1981 
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•  ANSI  Physical  Qualifications  for  Respirator  Use,  Z88.6,  1984 

•  ANSI,  Practice  for  Occupational  and  Educational  Eye  and  Face  Protection, 
Z87.1,  1968. 

15.3  Hazard  Assessment 

This  section  discusses  the  hazards  that  are  anticipated  to  be  encountered  during  operation  of 
the  CBC  to  bum  red  watCT.  The  potential  hazards  associated  with  operation  of  the  CBC 
include  chemical  and  physical  hazards. 

15.3.1  Chemical  Hazards 

Potential  exists  for  personnel  to  come  into  contact  with  the  following  types  of  materials: 

•  Reactive  and  toxic  feed  materials 

•  Rammable  solvents  used  in  the  sampling  trains 

•  Toxic  and  corrosive  combustion  products. 

15.3.1.1  Feed  Materials 

The  feed  materials  during  routine  operations  is  red  water.  Red  water  is  the  aqueous  effluent 
generated  during  sellite  purification  of  crude  TNT.  The  characteristics  of  red  water  are 
presented  at  the  end  of  this  chapter. 

Explosion  Potential.  The  red  water  has  a  solids  heat  content  of  3,200  Btu/lb.  The  solids 
are  in  a  solution  tiiat  is  85  percent  water,  which  makes  the  red  water  endothermic. 

CBCs  were  originally  designed  to  manage  materials  with  high  heat  content  for  energy 
production.  The  level  of  energy  in  the  red  water  will  not  be  dangerous  for  the  CBC. 
Additionally,  the  large  internal  volume  of  the  CBC  will  dissipate  any  pressure  shocks  that 
could  occur  from  imeven  combustion  of  the  red  water. 

Contaminated  Surfaces.  The  red  water  will  be  pumped  directly  to  the  CBC  feed  port  In 
the  unlikely  event  that  red  water  is  spilled,  it  should  be  cleaned  up  using  wet  methods  and  not 
allowed  to  dry.  Dry  TNT  or  related  materials  can  explode  due  to  fiiction  or  spark. 
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15.3.1.2  Ash 

The  ash  ftom  the  CBC  will  be  a  fine  particulate  that  may  be  toxic.  It  is  unlikely  that 
explosive  matftrials  will  be  found  in  the  ash  to  present  a  physical  or  chemical  hazard. 

Toxicity  of  the  ash  will  be  due  to  the  presence  of  metals.  The  fine  particulate  will  be  a 
respiratory  hazard. 

Respiratory  Protection.  The  following  rules  will  be  adh^ed  to  by  all  site  personnel  when 
respiratOTy  protection  is  in  use: 

•  Only  properly  cleaned,  maintained,  NIOSH/Mine  Safety  and  Health  Administra¬ 
tion  (MSHA)-approved  respirators  will  be  used  on  site. 

•  Selection  of  respirators,  as  well  as  any  decisions  regarding  upgrading  or  down¬ 
grading  of  respiratory  protection,  will  be  made  by  the  site  H&S  officer  upon 
consultation  with  a  senior  health  and  safety  professional. 

•  Used  air-purifying  cartridges  will  be  replaced  at  the  end  of  each  shift  or  when 
load-up  or  breakthrough  occurs. 

•  Only  employees  who  have  had  pie-issued  qualitative  fit  tests  and  annual  fit  tests 
thereafter  will  be  allowed  to  woik  in  atmospheres  where  respirators  are  required. 

•  If  an  employee  has  demonstrated  difficulty  in  breathing  during  the  fit  test  or 
during  use,  he/she  will  be  given  a  physical  examination  to  determine  whether  a 
respirator  can  be  worn  while  performing  the  required  duty. 

•  No  employee  will  be  assigned  tasks  requiring  the  use  of  respirators,  if  based 
upon  the  most  recent  examination,  a  physician  determines  that  the  employee  will 
be  unable  to  function  normally  wearing  a  respirator  or  that  the  health  of  the 
employee  will  be  impaired  by  use  of  a  respirator. 

•  Contact  lenses  are  not  to  be  worn  while  using  any  type  of  respiratory  protection. 

•  Excessive  facial  hair  (beards)  prohibits  proper  face  fit  and  effectiveness  of 
respirators;  therefore,  persons  required  to  wear  full-face  or  half-face  respirators 
must  not  have  beards,  wide  mustaches,  goatees,  extended  sideburns,  or  Fu 
Manchu  mustaches.  All  personnel  wearing  full-face  or  half-face  respirators  will 
be  required  to  be  clean  shaven  prior  to  each  day’s  shift. 
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•  Each  respirator  will  be  individually  assigned  and  not  interchanged  among 
employees  without  cleaning  and  sanitizing. 

•  Regular  eyeglasses  cannot  be  worn  with  full-face  respirators  because  they 
interfere  with  the  face-piece  seal.  Inserts  must  be  utilized. 

•  The  respiratory  protection  used  on  site  will  be  in  compliance  with  OSHA, 

29  CTR  1910.134. 

15.3.1.3  Sampling  Trains 

During  testing  programs,  flammable  solvents  may  be  used  in  the  sampling  trains.  Material 
Safety  Data  Sheets  (MSDS)  will  be  provided  by  the  test  team  for  these  substances. 

15.3.1.4  Spiking  Materials 

During  testing  programs,  the  feed  stream  may  be  spiked  with  materials  that  are  toxic, 
reactive,  flammable,  and/or  corrosive.  It  will  be  incumbent  upon  the  test  team  to  properly 
store  and  handle  the  spiking  materials,  and  to  provide  MSDSs  for  these  materials. 

15.3.2  Physical  Hazards 

Several  physical  hazards  are  expected  to  be  encountered  during  field  activities.  These  hazards 
are  similar  to  those  associated  with  any  mechanical  project  These  hazards  include  those  due 
to  poor  housekeeping,  equipment  operation,  the  use  of  hand  and  power  tools,  handling  and 
storage  of  fuels,  and  use  of  electrical  power. 

15.3.2.1  Noise 

Noise  is  a  potential  hazard  associated  with  the  operation  of  mechanical  equipment  including 
the  fans,  blowers,  power  tools,  pumps,  and  generators. 

All  on-site  personnel  will  wear  hearing  protection  in  areas  where  noise  levels  exceed  a  time- 
weighted  average  (TWA)  of  85  decibels  (dBA).  Hearing  protection  will  be  worn  during 
activities  if  levels  are  suspected  or  shown  to  exceed  85  dBA.  The  site  H&S  officer  will  con¬ 
tinuously  identify  areas  with  high  noise  levels.  High  noise  areas  will  initially  be  monitored 
with  a  sound  level  meter  or  dosimeter.  Areas  with  consistently  high  noise  levels  will  have 
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signs  posted  notifying  personnel  that  hearing  protection  is  required.  All  employees  working 
on  or  near  the  CBC  will  receive  aimual  hearing  conservation  reftesher  training. 


15.3.2.2  Heat  Stress 

Heat  stress  is  a  significant  potential  hazard  associated  with  the  use  of  protective  equipment  in 
hot  weather  environments.  The  signs  and  symptoms  of  heat  stress  and  the  physiological 
monitoring  requirements  are  discussed  below. 


Heat  Stress  MonitOling.  Heat  stress  is  caused  by  a  number  of  interacting  factors, 
including  enviroiunental  conditions,  clothing,  workload,  and  individual  characteristics. 
Extreme  hot  weather  can  cause  physical  discomfort,  loss  of  efficiency,  or  personal  injmy. 


Individuals  vary  in  their  susceptibility  to  heat  stress.  Factors  that  may  predispose  individuals 
to  heat  stress  include: 

•  Lack  of  physical  fimess 

•  Insufficient  acclimation 

•  Age 

•  Dehydration 

•  Obesity 

•  Alcohol  and/or  drug  use 

•  Medical  conditions 

•  Infection 

•  Sunburn 

•  Diarrhea 

•  Chronic  disease. 


Reduced  work  tolerance  and  the  increased  risk  of  heat  stress  are  directly  influenced  by  the 
amount  and  type  of  personal  protective  equipment  (PPE)  worn.  PPE  adds  weight  and  bulk, 
severely  reduces  the  body’s  normal  heat  exchange  mechanisms  (evaporation,  convection,  and 
radiation),  and  increases  energy  expenditure. 
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Signs  and  Symptoms  of  Heat  Stress.  If  normal  body  temperature  fails  to  be  maintained 
because  of  excessive  heat,  a  number  of  physical  reactions  can  occur  ranging  from  mild  to 
fatal.  Heat-related  problems  include: 

•  Heat  Rash.  Caused  by  continuous  exposure  to  heat  and  humidity  and  aggra¬ 
vated  by  chafing  clothes.  Heat  rash  decreases  the  body’s  ability  to  tolerate  heat, 
as  well  as  being  a  nuisance. 

•  Heat  Cramps.  Caused  by  profuse  p^piration  with  inadequate  fluid  intake. 
Heat  cramps  cause  painful  muscle  spasms  and  pain  in  the  extremities  and 
abdomen. 

•  Heat  Exhaustion.  Caused  by  increased  stress  on  various  organs  to  meet  in¬ 
creased  demand  to  cool  the  body.  Heat  exhaustion  causes  shallow  breathing; 
pale,  cool,  moist  skin;  profuse  sweating;  and  dizziness.  Heat  exhaustion  can  be 
alleviated  by  promptly  moving  the  affected  individual  to  a  cool  place  to  lie  down 
and  providing  cool  fluids  to  drink. 

•  Heat  Stroke.  The  most  severe  form  of  heat  stress.  Heat  stroke  symptoms 
include  hot,  dry  skin;  no  perspiration;  nausea;  dizziness;  confusion;  strong,  rapid 
pulse;  and  coma.  The  body  must  be  cooled  immediately  to  prevent  severe  injury 
or  death.  Relief  is  possible  only  by  emergency  measures  that  quickly  reduce 
body  temperature  to  avoid  irreparable  damage  to  the  body. 


Heat  Stress  Prevention.  One  or  more  of  the  following  practices  will  help  reduce  the 
probability  of  succumbing  to  heat  stress: 

•  Provide  plenty  of  liquids  to  replace  the  body  fluids  lost  by  perspiration.  Fluid 
intake  must  be  forc»i  because,  under  conditions  of  heat  stress,  the  normal  thirst 
mechanism  is  not  adequate  to  bring  about  a  voluntary  replacement  of  lost  fluids. 

•  Provide  cooling  devices  to  aid  natural  body  ventilation;  however,  these  devices 
add  weight  and  should  be  balanced  against  worker  comfort. 

•  If  possible,  install  mobile  showers  or  hose-down  facilities  to  reduce  body 
temperature. 

•  If  possible,  provide  cool  protective  clothing. 

•  If  possible,  conduct  Held  operations  in  the  early  morning. 
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•  Acclimate  woikers  to  heat  conditions  when  field  opa:ations  aie  conducted  during 
hot  weather. 

•  Train  personnel  to  recognize  the  signs  and  symptoms  of  heat  stress  and  its 
treatment 

•  Rotate  personnel  to  various  job  duties  if  possible. 

•  Provide  shade  or  shelter  to  relieve  personnel  of  exposure  to  the  sun  during  rest 
periods. 


Individuals  succumbing  to  the  symptoms  of  heat  stress  will  notify  the  site  H&S  officer.  Early 
detection  and  treatment  of  heat  stress  will  prevent  further  serious  illness  or  injury  and  lost 
work-time.  Proper  and  effective  heat  stress  treatment  can  prevent  the  onset  of  more  serious 
heat  stroke  or  exhaustion  conditions.  Individuals  having  progressed  to  heat  exhaustion  or  heat 
stroke  become  more  sensitive  and  predisposed  to  additional  heat  stress  situations. 

Physiological  Monitoring.  Ambient  temperamre  and  other  environmental  factors  provide 
basic  guidelines  to  implement  work/rest  periods.  However,  because  individuals  vary  in  their 
susceptibility  to  heat  stress,  physiological  monitoring  will  be  used  to  regulate  each  individ¬ 
ual’s  response  to  heat  stress  when  ambient  temperatures  exceed  70^.  Monitoring  frequency 
will  increase  as  ambient  temperature  increases.  The  three  physiological  parameters  that  each 
individual  will  monitor  are: 

•  Heart  Rate.  Each  individual  will  count  his/her  radial  (wrist)  pulse  for  30 
seconds  as  early  as  possible  in  the  tirst  rest  period.  If  the  heart  rate  of  any 
individual  on  tiie  sampling  team  exceeds  100  beats  per  minute  at  the  beginning 
of  the  rest  period,  then  the  work  cycle  will  be  decreased  by  one-third.  The  rest 
period  will  remain  the  same. 

•  Oral  Temperature.  Each  individual  will  measure  his/her  oral  temperature  with 
a  single-use  clinical  thermometer  for  1  minute  as  early  as  possible  in  the  first 
rest  period.  If  the  oral  temperature  exceeds  98.6°F  at  the  beginning  of  the  rest 
period,  then  the  work  cycle  will  be  decreased  by  one-third.  The  rest  period  will 
remain  the  same. 

•  Body  Water  Loss.  Each  individual  will  weigh  his/her  self  before  starting 
work  and  at  the  end  of  each  work  shift 
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An  individual  is  not  permitted  to  return  to  work  if  his/her  oral  temperature  exceeds  100.6®F. 

Physiological  monitoring  information  will  be  recorded  on  the  Employee  Record  for  Heat 
Stress.  All  monitoring  will  be  performed  by  persons  with  a  minimum  of  current  Red  Cross 
first-aid  certification  and  individualized  training  to  recognize  the  symptoms  of  heat  sttess. 

The  site  H&S  officer  will  specify  the  work  cycle  period  and  the  rest  cycle  period  based  on 
heat  stress  monitoring  as  pCT  1991-1992  ACGIH  Threshold  Limit  Values  (TLV). 

15.3.2.3  Cold  Stress 

At  certain  times  of  the  year,  workers  may  be  exposed  to  the  hazards  of  working  in  cold 
environments.  Potential  hazards  in  cold  environments  include  frostbite  and  hypothermia,  as 
well  as  slippCTy  working  surfaces,  brittle  equipment,  and  poor  judgement. 

To  minimize  the  risk  of  the  hazards  of  working  in  cold  environments,  workers  will  be  trained 
to  recognize  the  physiologic  responses  of  the  body  to  cold  stress. 

Physiologic  Response  to  Cold  Stress.  Personnel  who  are  exposed  to  temperatures 
below  -10®F  with  wind  speeds  of  greater  than  5  miles  per  hour  (mph)  will  be  medically 
certified  as  suitable  for  such  exposure.  Employees  will  be  protected  from  exposure  to  cold  so 
that  their  body  core  temperature  does  not  fall  below  98 .6*^.  Lower  body  temperatures  result 
in  reduced  alermess  and  a  reduction  in  thought  processes  or  loss  of  consciousness. 

Pain  in  the  extremities  (i.e,  fingers,  toes,  ears,  and  nose)  may  be  the  first  signs  of  cold  stress, 
because  these  areas  have  high  surface  area-to-volume  ratios.  Uncontrollable  shivering  occurs 
during  exposure  to  cold  when  the  body  core  temperature  falls  below  95°F.  This  symptom 
should  be  taken  ,  as  a  sign  of  danger,  and  work  terminated  with  workers  moving  to  a  warm 
environment 

Ambient  air  temperature  and  the  velocity  of  the  wind  influence  the  development  of  a  cold 
injury.  Wind  chill  is  used  to  describe  the  chilling  effect  of  moving  air  in  combination  with 
low  temperature.  As  a  genml  rule,  the  greatest  incremental  increase  in  wind  chill  occurs 
when  a  5-mph  wind  increases  to  10  mph.  AdditionaUy,  water  conducts  heat  240  times  faster 
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than  air.  Thus,  the  body  cools  suddenly  when  chemical  protective  clothing  is  removed  and 
clothing  beneath  is  soaked  with  perspiration. 

Signs  and  Symptoms  of  Cold  Stress.  Lxxral  injury  resulting  from  cold  is  included  in 
the  generic  term  "frostbite;"  however,  there  are  several  degrees  of  damage.  Q)ld-related 
injuries  include: 

•  Frost  nip  or  incipient  frostbite  is  characterired  by  sudden  whitening  or  blanching 
of  the  skin. 

•  Superficial  frostbite  gives  the  skin  a  waxy  appearance  and  is  firm  to  the  touch, 
but  the  tissue  beneath  is  resilient,  Superficial  frostbite  can  be  treated  by  cover¬ 
ing  the  cheeks  with  warm  hands,  placing  frostbitten  fingers  beneath  the  armpit 
next  to  the  skin,  or  placing  frostbitten  feet  beneath  the  clothing  against  the  skin 
of  a  companion. 

•  Deep  frostbite  is  characterized  by  cold,  pale,  and  solid  tissues.  Deep  frostbite  is 
an  extremely  serious  injury  and  affected  individuals  will  seek  medical  attention. 

•  Systemic  hypothermia  is  caused  by  exposure  to  freezing  and  rapidly  dropping 
temperatures.  Hypothermia  symptoms  are  visually  exhibited  in  five  stages: 

-  Shivering 

-  Apathy,  listlessness,  sleepiness,  and  sometimes  rapid  cooling  of  the  body  to 
less  than  95.5°F 

-  Unconsciousness,  glassy  stare,  slow  pulse,  and  slow  respiratory  rate 

-  Freezing  of  the  extremities 

-  Death. 

Cold  Stress  Prevention.  Prevention  of  frostbite  is  a  function  of  whole-body  protection: 

•  Adequate  insulated  clothing  should  be  worn  when  the  air  temperature  is  below 
40°F.  Insulated  coveralls,  thermal  socks,  long  underwear,  hard  hat  linCTs,  and 
other  cold-weather  gear  aid  in  the  prevention  of  hypothermia. 

•  Warm  break  areas  and  drinks  (no  caffeinated  coffee)  aid  in  warming  the  body. 
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•  Train  personnel  to  recognize  the  signs  and  symptoms  of  cold-related  injuries  and 
their  treatment 

•  Personnel  will  try  to  keep  from  getting  their  bodies  and  clothing  wet,  as  this  will 
only  accelerate  the  effects  of  cold  stress.  However,  if  personnel  should  get  wet, 
they  will  be  allowed  to  dry  off  and  change  clothes. 

•  In  addition,  reduced  work  periods  may  be  necessary  in  extreme  conditions  to 
allow  rest  in  a  warm  area. 

15.3.2.4  Burn  Hazards 

The  surface  of  the  CBC  will  be  more  than  300^.  Therefore,  there  is  a  real  bum  hazard. 
Other  hot  spots  may  be  the  ash,  the  baghouse,  the  fans,  the  stack,  and  all  duct  work.  Bums 
can  be  prevented  by  avoiding  contact  with  hot  surfaces  and  by  using  the  proper  protective 
equipment  when  working  on  or  near  hot  surfaces. 

15.3.2.5  Explosion  Hazard 

The  auxiliary  fuel  for  the  CBC  will  be  natural  gas.  To  prevent  an  explosive  buildup  of 
natural  gas  in  the  CBC  the  following  will  be  observed: 

•  All  auxiliary  fuel  valves  will  be  installed  in  a  double  block  and  bleed  manner 

•  CBC  will  be  purged  with  air  before  the  burner  is  started 

•  CBC  temperature  will  be  above  1300°F  before  auxiliary  fuel  is  fed  directly  to 
the  CBC 

•  Flame  sensor  will  monitor  the  flame  whenever  a  bumCT  is  in  operation. 


15.3.2.6  FireHa^rd 

High  temperature  in  the  baghouse  could  cause  the  bags  to  catch  fire.  To  prevent  this 
problem,  the  temperature  of  the  gases  before  the  baghouse  will  be  continuously  monitored  and 
if  the  temperature  exceeds  the  manufacturer’s  recommended  maximum  temperature,  the 
auxiliary  fuel  will  be  cut  off. 
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15.3.2.7  Confined  Space  Entry 

The  CBC  shall  be  evaluated  to  determine  if  any  spaces  are  permit-required  confined  space.  A 
permit-required  confined  space  is  a  space  that: 

•  Contains  or  has  the  potential  to  contain  a  hazardous  atmosphoe 

•  Contains  a  material  that  has  a  potential  for  engulfing  an  entrant 

•  Is  configured  such  that  an  entrant  could  be  trapped  or  asphyxiated 

•  Contains  any  otho*  safety  or  health  hazard. 

A  sign  reading  "DANGER-PERMIT-REQUIRED  CONFINED  SPACE,  DO  NOT  ENTER" 
will  be  posted  at  the  entrance  to  any  confined  space. 

Before  entry  into  a  pamit-required  confined  space,  a  permit  must  be  obtained  from  the  site 
H&S  officer.  Only  properly  trained,  authorized  entrants  may  enter  a  confined  space.  A 
properly  trained  attendant  must  monitor  the  entrant  from  outside  of  the  confined  space.  The 
appropriate  PPE  must  be  worn  by  the  entrant  and  available  for  the  rescue  service. 

15.3.3  Activity  Hazard  Anaiysis 

This  section  provides  an  analysis  of  the  likelihood  of  ex|x)sure  to  chemical  and  physical 
hazards  and  the  risks  associated  with  those  exposures. 

15.3.3.1  CBC  Erection 

The  likelihood  of  exposure  to  chemical  hazards  is  low,  and  the  associated  risk  is  low. 

The  likelihood  of  exposure  to  physical  hazards  is  low  to  moderate.  Heavy  equipment 
operation  and  working  at  elevated  locations  pose  moderate  hazards  during  CBC  erection. 

Other  anticipated  physical  hazards  include  noise,  electrical  hazards,  pinch  points,  heavy 
lifting,  fuel  handling,  and  heat  stress.  Control  measures  that  will  be  employed  to  reduce  the 
potential  risk  of  exposure  include  properly  maintained  heavy  equipment,  employee  training  to 
recognize  physical  hazards,  and  adherence  to  the  heat  and  cold  stress  guidelines  contained  in 
the  HASP. 
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15.3.3.2  Performance  Testing 

During  the  performance  test,  samples  of  the  red  water  will  be  analyzed.  The  red  water  may 
be  spiked  with  organic  chemicals  and  heavy  metals,  which  present  potential  inhalation  and 
girin  contact  hazards  during  the  addition  and  subsequent  sample  handling  activities.  Control 
measures  that  can  be  employed  to  significantly  reduce  the  potential  risk  of  exposure  include 
enclosed  mixing  and  the  use  of  PPE. 

The  likelihood  of  exposure  to  physical  hazards  is  low  to  moderate.  Equipment  operation  and 
Tiijiterial  handling  activities  pose  low  hazards  during  trial  bum  preparation  activities.  Other 
physical  hazards  include  heavy  lifting,  noise,  electrical  hazards,  fire,  and  elevated  work  areas. 
Control  measures  that  will  be  used  to  reduce  the  potential  risk  of  exposure  include  proper 
equipment  maintenance,  trained  operators,  grounding  and  bonding  during  liquid  transfer, 
adherence  to  lock-out/tag-out  procedures,  and  utilization  of  proper  tie-off  procedures. 

15.3.3.3  Maintenance  Operations 

The  likelihood  of  exposure  to  chemical  hazards  during  maintenance  activities  is  low.  The 
area  of  concern  for  this  analysis  is  fi'om  the  feed  port  to  the  stack.  All  red  water  that  ent^ 
the  CBC  will  be  combusted,  so  red  water  (and  its  constituents)  will  not  be  present  in  the  CBC 
during  maintenance  operations.  A  separate  analysis  of  maintenance  of  the  waste  feed  system 
should  be  considered,  but  this  is  beyond  the  scope  of  this  document. 

The  likelihood  of  exposure  to  physical  hazards  is  low  to  moderate.  The  risk  associated  with 
exposure  to  these  agents  is  moderate,  based  upon  the  potential  for  serious  injury  from 
electrical  hazards,  pinch  points,  and  moving  equipment.  Control  measures  that  will  be 
employed  to  reduce  the  potential  risk  of  exposure  include  employee  training  and  the  prepara¬ 
tion  of  site-specific  standard  operating  procedures  (SOP).  Examples  of  these  procedures 
include: 

•  Lockout/tagout  procedure 

•  Confined  space  industrial 

•  Welding,  cutting,  and  other  hot  work  in  hazardous  locations 

•  Isolation  of  and  entry  into  the  CBC. 
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15.3.3.4  Operation  of  the  CBC 

A  variety  of  chemical  and  physical  hazards  are  associated  with  the  operation  of  the  CBC. 
The  primary  control  measures  include  good  engineering  design,  employee  training,  and  the 
preparation  of  site-specific  SOPs. 

The  likelihood  of  exposure  to  chemical  hazards  during  routine  operations  is  low  and  should 
be  limited  to  exposure  during  sampling  of  the  waste  feed  and  the  ash. 

The  likelihood  of  exposure  to  physical  hazards  is  low  to  moderate.  Hazards  addressed  in  the 
SOPs  will  include  noise,  electrical  hazards,  work  at  elevations,  slip/trip  hazards,  pinch  points, 
and  hot  surfaces. 

Either  a  task-specific  hazard  analysis  or  an  SOP  will  be  developed  prior  to  starting  a 
particular  task. 
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RISK  ASSESSMENT  OF 
MUNITIONS  CHEMICALS  IN 


RISK  ASSESSMENT  OF  MUNITIONS  CHEMICALS  TO 
DEVELOP  DRINKING  WATER  HEALTH  ADVISORIES 


The  US  Army  and  the  US  Environmental  Protection 
Agency  established  a  Memorandum  of  Understanding  to 
cooperate  In  developing  Health  Advisories  (HA)  for 
munitions  chemicals  that  may  occur  in  drinking  water. 
Health  Advisories,  developed  by  the  Office  of  Drinking 
Water,  describe  nonregulatory  concentrations  of  drinking 
water  contaminants  at  which  adverse  health  effects  are  not 
expected  to  occur  over  specific  exposure  durations.  They 
provide  informai  technical  guidance  that  assist  public 
heaith  officials  when  contaminations  occur.  Health 
Advisories  (HA)  are  deveioped  for  One-day,  Ten-day, 
Longerterm  (7  years  or  10%  lifetime)  and  Lifetime 
exposures  based  on  systemic,  noncarelnogenic  toxicity.  A 
threshold  dose-response  relationship  is  assumed.  Lifetime 
HAS  are  not  recommended  for  known  or  probable  human 
carcinogens  (EPA  classes  A  and  B,  respectively).  A  potency 
value  (unit  risk),  derived  from  the  linearized  multistage 
model  with  95%  upper  confidence  limits,  is  used  to 
calculate  risk  for  a  lifetime  exposure  to  carcinogens  in 
drinking  water. 
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Basts  of  Longcvl^  (Child  and  AduH)  and 
LHetime  HA:  Hart  (1980);  Dcwdopad  NOAEL  of  75 
mg/kg/day  based  OR  90-day  dietary  study  in  do^ 

wiwOi  fctS m  fm  It  >»UShL 

Cenotoxicity 

SsboonefiB  Negative 

Til  I  fmiiffiji  1 1 1  rii  ihVh  nitgiiitri 

Two-Year  Bioassays 

No  studios  found  in  the  litersdure 

Cancer  Classification 

tFh  Croup  D.  Not  CSasaiilabie  as  to  Human 
Careinegenidty 


MULa-Oi-”  i. 


Health  Advisory  Values 


On*»0iy(QulA  llmg/l* 

Tcn-Oay  <Q«iiD 

lengcNTcfin  (ChHcO  tlmg/l 

Longcr-Tcfin  (Aduh)  37in(/l 

UfetiiM  a74fiig/l 


Bam  9t  Lifctimt  HA  VUu«  Morgan  et  aL  (1988b);  Body 
and  organ  Mcight  changaa  in  fcinaie  rau  espoaad  for  90 
days  via  diet 

8am  a#Ten4>ay  HA  Value:  Morgan  etaL  (1988a); 
Irwmaed  water  eeiaumption.  dccieeatd  eicetrolyta, 
and  dcercaaed  heart  weights  in  rats  capofed  for  1 4 
d^«. 

Bam  of  lengcr>tenn  HA  value:  Morgan  ef  al.  (1988b); 
Decreased  body  weight  increased  brain/faody  weight 
ntior  and  irKieatscd  water  cortnimptlon  in  rats  exposed 
for  90  days  via  dct 

wiwwrtw.  *•"  rii  111  leruTV*  Wnitwmaw  n  1 1( 

Cenotoxidty 

Saknandka  Negative 
Mouse  iymphowtt  Celts:  Negative 
In  idbwChinese  Hamler  Ovary:  Negative 
Dominant  Lethal  (Bat  Mice):  Negative 

Two-Year  Bioassays 

No  eludes  found  in  the  iitcratwre 

Cancer  Classification 

nt  Croup  0,  Not  aeaWabie  as  to  Human  Caichegoikity 


I,.VDinitroben/:»Tie 

(DNB) 


Health  Advisory  Values 

OiMHOay  (Chilli)  CA  mg/t* 

Ten-Oay  (Child)  0.4  mg/l* 

longcr>T«nn  (Child)  04  oig/L 

Lati^-Tcnn  (Adult)  0.14  mg/L 

Ldedme  IXOOlnig/L 

•vi*  of  lifetime  and  Longcr.Tcrm  (Child  and  Adult) 
HAS  Cody  et  al  (1 981 );  NeObiCfveiUdvene.Eircct 
level  (U  tng/kg/ikY)  for  cffecOen  ipfoen 
(hemoiiderin  depcaitton)  and  testea  (reduced  wmght 
and  dacrcaKd  ipemiatogeneiii)  in  ritt  given  1 .3<ONB 
in  drinking  VMter  for  14  weeka. 

mil  mt  malm  lom  vmm  mm»m 
•"•"OmrnmmmimYit  mmOAlmaHiifmai. 

Genotoxicity 

Mmanedc  Macd  rmidta  (pptihfc  it  negative  in  ante 

SacdtommyemrrmMtK  Negative 
fochericMa  coIe  Negative 
kitdlraUOSinfathepatecyteB  Negative 

Two-Year  Bioassays 

Ne  aiudia  found  in  the  literature 

Cancer  Classification 

EPA  Croup  O,  Not  Clamfiabie  as  to  Human 
Carcinogenicity 


Health  Advisory  Values 
On»>Oay  (OiilA 
Tcn^tay  (Child) 
UNiger^Tena  (Child) 
lon|p«Tenn  (Adult) 
lifetime 


Smg/l* 
Smg/L 
Q-1  mg/L 
0.4S  m^l 
0.001  mg^l 


8m  of  Lifetime  end  Lonfei>1erm  (CKId  and  Adidt)  HAe: 
Go«iii*i  «  a/.  (1980);  No.Obeerved.Adveiie.€«ect  Level 
(1.3  ^kg/day)  fof  liver  (hepitocytomcf  lia)  and  kidney 
(r^  tubular  atraphy  md  degenemtion)  ieeiom  in  rats 
tal  ncttclilofOMhsnc  in  the  diet  for  16  wookf* 

BasisefTen^ay  HA:  CorainiklefaL(198Q);No- 
0*^««^'«l-AdveiaB4»ect  level  (SO  nig/k|/day)  for  liver 

25^  neeroiis  and  decrease  m  body  weight  pin  ii  fate 
fed  heaehfeieethane  In  the  diet  for  16  dbys. 


Cenotoxidty 

BelmoncdB  Neptive 
^••hafsmycif  eerev 


otferWaer  Neptive 

Two>Year  Bioassays 

tots  for  mnal  carcinomas  and  adenomas  in  males 

Mice  PoMtive  for  hepatocellular  ardnonmkimaJtt  and 
fcmalas 

Potency.  SF  •  f  •4x1l)'*(nigAg/day)'* 

Cancer  Model  for  uiic 

lincariacd  Multiacage  3 

One  lilt  ue/L 

iWdt  soooSJi 

Lofit  SOue/l 

Weibul] 

Cancer  Classification 

C,  Fossibie  Human  Carcim^en 


riuu“ux 


White  Phosphorus 


Health  Advisory  Values 

OwO>y  (Chfld)  Not  raeommcndcd* 

TiHi4>ay  (Child)  Not  ycconiniBndcd* 

Uwecf'Tetm  (Child)  Not  rocommendcd” 
longer*T«in  (Adult)  Not  rteommended* 

IdiMiiiw  OOOOI  n^l 

tob  of  lifetime  HA:  Condray  (1S85);  No-Obiwred- 
AdvfM  Effect  Icvd  (0^15  mgAi/dsy)  for  paituritioo 
mortality  in  fomsle  ratsfod  White  fhospherui  in  the 
dwt  for  4  to  S  month!. 

mtmmmM ^ue mxmmmmm mirm  ^ Whitf  ytiai»h«wii  tellwiw’nt 


Cenotoxicity 

SmbnontUm  Nc^i«c 

Two-Year  Bioassays 

Noatudic!  found  in  dte  BUriture 

Cancer  Classification 

GPA  Croup  0,  Net  daiaifiafale  as  to  Human 
Carcmetenicity 


Nitrocellulose 


Health  Advisory  Values 

Nitraceilulose  was  non*loxic  at  ail  doses  studied, 
and  Mkd  to  bcdigeMd  and  afaeotbed  in  ail  species 
(rats,  dogs,  and  mice)  tested 

Health  Advisory  values  appear  to  be  unnecessary 

Genotoxicity 

SaAnoneffa:  Negative 

In  vivo  Kidney  Cellt  and  Lymphocytes  (Rat): 
Negative 

lit  vivo  Rone  Marrow  and  Kidney  Cell  (Rat): 
Negative 

Two>Year  Bioassays 

Dogs  Negative 
Rats:  Negative 
Miecs  Negative 

Cancer  Qassification 

NetOaadfiedbyEPA 


Trinilrogl  ycerol 
(ING) 


CH2—  ONO2 
CH  “ONO2 
CH2—  ONO2 


Health  Advisory  Values 

Ont^«y  (ChUd)  (L0Q5m|/L 

Tcn^ay  (Child)  04)05in^ 

long«r>Tcnn  (Child}  OU))ISmf^ 

Ungcr-Temt  (Adult)  (U)0Sm^ 

Ufttime  aoOSm^l 

Basis  e(  HA  valuta:  Human  No-&ract'lcvci  for 
vasodilation.  Aniinait  wcra  generally  lest  sensitive  to 
the  effects  of  TNG. 

Cenotoxicity 

SdhMnedB  Negative  to  Weak 
.  Its  vfve  Bom  Martew  and  Kidney  CaB  (Rat):  Negative 
Dominant  Lethal  (Rath  Negative 
Bi  Vfm  Kidney  CcUs  and  lyiB|thocytes  (Dog,  Rath 
Ncg^e 

la  vitra  Chinese  Hamster  Ovasy:  Negative 

Two>Year  Bioassays 

Doga  Negative 
MiM  Nej^vt 

Rats  feshive  for  hepaieeeliuiarcarcinaina  (maiesand 
fomaW 

Potency:  Sf  « 1.MstO>  (mg^l^day)’' 

Cancer  Model  for  io«  rUc 


Uneasiaad  Muhleige  2tlfA 

One^R 

PseMt  iaO|ig/L 

Legit  0.4|ig/L 

Wcibult  0.1tig/l 


Cancer  Classification 

Net  Classified  by  iPA 


/  ■ 
ff 
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CEXEIUI.  IXFOWiATION  ASP  PROPERTIES 

V 

®®^*  sptcif Ically,  o-TNT  t*  th«  eo»on  d«$lgnatior. 
for  2,i,6-crinicrocolu*n«,  ch«  teost  widely  used  military  hlgh-a*pl08lv« 
(Caatorina,  1980).  For  purposes  of  this  HA,  the  aynony®,  TST»  %rt^il  be  used 
throughout  to  refer  to  2,4,6-trittitrocoiuene.  Along  with  TKT,  the  syuuuetrlcal 
Isoaer,  five  mcta  or  unsyametrical  trinitrotoluene  Isoncre  ere  found  In  the 
crude  product  resulting  from  the  nitretlon  of  toluene  with  nitric  ecid  In  the 
presence  of  sulfuric  acid.  The  nltretien  occurs  In  e  step-wise  fashion  by  a 
batch  or  continuous  process. 

The  eontinuotts  process  as  employed  at  the  gadford  Army  Aisminltion  Plant 
(RAAP) ,  a  prototype  for  Amy  Aaeunition  Plants  (AAPs) ,  utilises  991  nitric 
acid  and  442  oleum  <1092  sulfuric  acid,  a  aolution  of  sulfur  trioside  in 
anhydrous  sulfuric  acid;  Small  amd  loeeiAlatt,  1974)  to  nitrate  toluene  in  sir 
stages  to  crude  TUT  which  is  then  subjected  to  puzifleatlen  with  aqueous 
sodium  sulfite  (selUte)  (Ryon  et  al.,  1984),  This  proeass  has  been  further 
modified  to  employ  eight  nltrator  vessels  fitted  with  dynamic  (cencrifugel) 
sspsrecors,  thereby  ensuring  e  greeter  degree  of  aefety  end  efficiency.  The 
purification  process  consists  of  two  seid  woshes,  three  sellltc  weebes  and  two 
post-sellite  washes. 

The  crude  TNT  contains  sppcoxiaatcly  52  of  the  meta-isomers.  Tbass  are 
reduced  to  about  0.62  by  the  aelllts  purification.  Crude  TST  also  contains 
approximately  12  of  the  six  dlnitretoluene  (DMT)  ieomacs,  which  ere  not 
removed  during  purification,  end  slightly  sore  than  12  oxidetlon  products, 
which  are  reduced  to  <12  by  purification.  Thrca  additional  Imparities, 
amounting  to  <12,  are  introduced  by  the  sellite  proease  (Myon  ct  el.,  1984). 
Total  impurities  constitute  not  mors  then  3.242  ef  the  finished  TKT  (Pel  end 
Ryoa,  1986). 

The  reeultlag  sonoclinlc  rbombobedrlc  eryetela,  ee  deecrlbed  in  Boeenblatt  et 
el.  (1971),  when  very  pure,  melt  et  80.99*C,  although  e  uelclag  point  ee  high 
es  8l.6*C  hec  been  reported  end  80.65*C  Is  a  commonly  aecaptsd  figure  (80.1  - 
81,6*0 .  The  color  ic  usually  pals  yallew,  but  a  chrometogrephlcally  purified 
eemple  hee  been  described  ee  felstly  yellow  to  pure  white.  A  boiling  point  ef 
210*  to  2i2*C  at  10  CO  12  m  Bg  hee  besn  determined.  The  epecifle  gravity  has 
bees  varieuely  reported  over  the  range  of  1.3  to  1.6  gn/ce.  Alcheugh  the 
solubility  of  TMT  in  water  et  20*C  is  only  0.013Z  (130  mg/Df  this  is 
slgnlflcsnc  for  pollution  end  health  ieeuee.  Its  solubility  in  organic 
solvents  runs  much  higher,  c.g.,  109  gm/lOO  g  ef  acetone  at  20*C. 

Two  grades  of  TMT  ere  used  for  military  purposes  end  their  purities  ere 
useeured  by  the  eelidlfleetien  peine  (else  termed  freesing  poimt  or  eecting 
point),  which  is  eoxuidercd  more  reproducible  them  e  melting  point.  •  Grade 
IZ2,  the  more  highly  purified  grade,  hee  c  eelidificetlon  peine  ef  80.A*C* 
alnlmim,  end  exists  ee  e  fine  cryetelline  form  (Deparement  of  the  Acaor,  1967). 
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General  chealcal  and  physical  characteristics  of  TKT  are  presented  in  Table 

?“®“*  '***  and  friction-sensitive  of  the  high 

teerenirrosaeh  !  f*P«rltles  formed  during  its  production  (except  for 

••“•itlvlty.  It  tan  be  further 

J“n”w^l2‘to°Sr«  •tabiutlng  subscances  in  saall 

quantity  (12  to  22)  (Roatnblaet  st  al. ,  1971), 

•n»  ehnlMl  KtiiUty  of  TOT  1,  ,«ci  thot,  .v«  oc  IJ0‘C.  ft  oodorio..  o. 
great  daeemposltiea  in  40  hours.  Molten  TNT  can  be  stored  at  85 *0  for  2  veers 

*'**“«'  ^urabl*  detanoratio! 

Llfflirn  h  ^  *»  on  the  stabUlty  of  TKT.  which  is 

unaffaetad  by  iaaeralon  la  sea  »a ear  (Department  of  the  Army.  1967). 
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TASLE  II-L 

\ 

GEmAL  CHEMICAL  ASD  PHYSICAL  PROPERTIES 
OF  2,4, 6-TRXNITROTOLUESE* 


CAS  Number 

Names 

Hoiaeular  weight 
Empirical  formula 
Structure 


Color 

Physical  state 

Specific  gravity 

Liquid  density 

Vapor  pressure 

Solubility  eharaceerlsties 


Msltiog  poiat 
Boiliag  point 
Freeriag  point 
Flash  point 
Conversion  factor 


U8-96-7 

TNT.  c-ttinltro«oluol,  l-»athyl-2,4, 
6>trinlcrobsatens,  trotyl,  tolite, 
triton,  tritol*  trllits,  o-TKT 

227.13 


Yellow  to  white 

Mouoclinic  rhombohedral  crystals 
1.654 

1.465  g/em^ 

0.053  «  (85*0:  0.106  am  (100*0 

Water:  0.013  g/100  g  (20*0 
Carbon  tetraehlocida:  0.65  g/100  g 
(20*0 

Toluene.:  55  g/100  g  (20*0 
Aescone:  109  g/100  g  (20*C) 

g0.1-81.6*C 

210*C  (10  m)  -  212*C  (12  m) 

80.75  t  0.05*C 
240 *C  (eaplodes) 

1  ppm  •  $.28  ag/m^  (2S*C;  760  vHg) 

1  mg/m^  •  0.108  ppm  (25*C:  760  msdig) 


^^Ref erences :  Clayton  and  Clayton  (1981);  Rosenblatt  et  al.  (1973); 
Department  ef  the  km  (1967) ;  Uindhelx  (1976);  Zakhari  and  Villaume 
(1978) 
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III.  OCCURREXCE 

v  . 

Trtnttrotoluene  was  produced  and  used  on  an  enot*etis  scale  during  World  War  1 
and  World  Wat  II  and  aay  be  considerdd  the  aost  laportaat  ailitary  bursting 
charge  explosive.  It  hat  found  wide  application  la  ^ells*  bonbs,  grenades, 
deoolition  explosives  and  propellant  conposltlons  (DeparCBent  of  the  Amy, 
1967). 

Trinitrotoluene  is  nanufactured  prlaarily  by  the  concinueut  process,  at 
described  above,  in  Amy  Aasunition  nants  (AAPs).  Production  froa  1969-1971 
was  reported  as  65  million  pounds/sontb  with  a  capacity  of  95  million 
pouads/aonch  (Ryon  at  al.,  19S6).  It  has  bean  reported  that  as  much  as  one 
half  Billion  gallons  of  vaseewater  have  bean  genaracad  par  day  by  a  aingla 
plant  involved  in  the  production  of  TRT  (Barclay  at  al. ,  1981). 

Trinitrotoluene  vaacas  have  a  unique  terminology  aa  deacribad  in  Rosenblatt  at 
al.  (1973).  "Nttrcbodlas”  Includa  tHT,  other  TNT  iaeaarai  products  fron  the 
sellite  purification  process  and  by-products  from  the  production  process,  pie 
spent  sellite  washings  are  high  in  solids  centsnt  and  are  called  red  water  . 
Ryon  et  al.  (1986)  have  reported  that  'TNT  U  the  largest  single  non-poUr 
coBponenc”,  The  major  organic  coaponenca  Identified  are  2,6rdinttrotoluen*- 
3-sulfonaee  and  2»6-4lnttrotoiuene-5-eulfonate,  irtiich  aake  up  approxiaately 
one-third  of  the  polar  organic  fraction.  Such  water  is  Intanaaly  rad-colored 
and  either  is  sold  to  paper  Bills  for  sulfur  content  or  is  ceacantracad  by 
evaporation  and  incinaratad.  It  U  not  amanabla  to  purlfleatlon  and,  because 
it  is  classified  by  EPA  as  a  hasardous  waste,  it  cannec  be  discharged  into 
straaas. 

”Ptnk  water*'  coaaa  from  heeb  manufaeturias  plants  and  from  load,  aataabla  and 
pack  (LAP)  facilltlaa.  That  fron  manufacturing  planta  can  acisa  fron  Hahon 
fog  filter  affluents  and  nltxator  fame  serubbsr  dlaebargas  and  is  known  to 
cenaist  of  the  DHTa.  While  not  poaitlvoly  Idantlfied,  those  two  oeurcas  of 
"pink  water"  are  also  baliavad  to  contain  all  TNT  taonara,  nonooltrotoluanes 
(MHTs)  and  possibly  dlultro-n-craaola  acialng  fron  tba  dlaplacomant  of  a  nitre 
group  on  THT  iaemara.  Additionally,  "pink  watar"  fron  manufacturing  planta 
arisas  fron  "rod  water"  dlatillataa  (avaperacer  condanoata  fron  concentration 
procaas)  and  cenalata  of  DKTa,  while  tboaa  from  ftaiahlng  buUdlng  ho^  _ 
scrubber  and  waah-down  affluaata  are  also  baliavad  to  eentain  primarily  DKTa. 
Spent  acid  recovery  waatas  may  be  aa  additional  aourea  of  "pink  water 
ganaratad  during  the  manufacturing  proeasa  (Daera  and  Rosanblate,  197A).  On 
the  other  hand,  "pink  water"  from  LAP  facilltlaa,  raaultlng  prl»rily  from 
shall  waahout  oparaciona,  centsina  aaasnciaLly  pure  TNT,  usually  coneaainatad 
with  ha»ahydro-l,3,5-trtaltro-l,3,5-trlaalna  (IDX)  or  ether  addltivaa.  The 
pink  color  —  pale  atraw  to  brick  rad  —■  arisas  under  nantral  or  basic 
conditiofts,  aapaeially  whan  the  wastes  are  axpesad  to  aunll^t  (Reaanblatt  at 

al.,  1973). 
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A  fiuBb«r  of  photodegradatioo  products  of  TST  hsve  b«cn  Idantlfiad  in  organic 
solvent  extracts  of  ’'pink  vacec”.^  Those  degradation  produces  that  are  vater 
soluble  {but  not  extractable  by  organic  solvents)  have  not  been  fully  • 
characterized;  however,  as  aasy  as  thirty  coaponenet  of  condensate  wastewater 
(l.a.  steam  distillates  arising  from  Che  coaeencraeion  of  "red  water*'-  by 
evaporscion)  obtained  fron  the  Volvateer  AAP  have  been  Ideneificd  and 
quantified  (Table  IXl-1).  Other  conacituencs  not  derived  fron  TNT  degradation 
include  the  texieelogically  significant  DKT  laoBers,  particularly  2,4*  and 
2,6-DKT  (Pacre  and  Rosenblatt,  1974). 
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VI.  health  eftects 

H.alth  *«•«•  I*'*  ‘*^°  “.^Liituirin  thi. 

-r ^ 

Ift  bacttrlAl  Asd  asiaal  cases «  raapactlvaly* 

A.  Haalefa  Effects  1ft  Huaana 

1.  j  lAVKc  «eala  ■saufaccurs  of  TKT  durlof  World  War  1#  aany 

With  ths  advant  of  tba  lar»s  seals  ^ 

».rk.r.  .£  w  Jouotu^i.  I» 

p.rl«d.  475  4wtl>»  (2.K>  “Jf”*  _ I  „i,  J.OOO  cu..  ot 

niBirlatts  Diane  alone,  105  fatalities  tl.oi;  occurrea  -wBa  » 

T  “r“‘i::srw“mt.Tso  «» 

exposure  to  TST  (Zakbarl  and  Vlllauae,  1978) . 

Wirb  th.  l»cr....4  ««.«..  .f  e>- “L  wT*S«lS*.’^4i' 
ftMllU.,  •lpl£lM«l7  d.er,...4  *«1»»  ««tM  tot  II.  totPi»  • 

uc«...  in  tk.  pttonctlnn  ol  thl.  sSitow!  !»««»,  .11 

govem»ene-owBtd  ordnance  explosives  plants.  ^  VilUana, 

w  .4»4.  1*4  were  due  to  aplsatlc  attsnla  (Zakharl  and  viiiaana. 

U7»).  Only  nn.-ekltd  e«  tk.  21  wM  .*I>o.«l  «°  ”  “.*"!***.!!!!*”!:! 
o».r  1.5  «,/.%  tk.  ttlnnln,  MtkpUe.  .ttttoti  (OSto,  I»»»  -  ‘ 

cm.,  k.,.tltl.  «.  »,.««!  M  ocm  worm  ftM-^tly  “»»» 

<.,««.  m.  30  fomi.  toto  npUntU  !!S.SVlSSJ 

oW.t  ,.t.on.  irmotO  Of.  45  t**"''  4— r-  to  tk.  liMt. 

cUnlcnl  ktyntltin  mn  lnv.tl.kly  Inclndto  rTIJc  W8:>. 

^ly  «ci^.Ud  by  .  It...  ..dnttlwi  1.  to«  ~d  rnwHU  («*C.  1982). 

Sine,  totld  tot  II.  only  oecMlnn.1  dMtkn^  to  ^ 
t.pottto  ud  vnty  tut  proklM.  ttlttto  to  ***  “••  *“*• 
literature  (Morton  at  al.,  1970). 

I.  ..  „t.n.lv.  .«!»  of  tk.  44»t«“*-  ^  IJiitS  dit^‘'“”‘ 

on  the  varlooa  signs  and  syaptoas  of  WT  toxlc^  --aividual  body  systess. 
description,  of  th.  nor.  specific  effect,  of  WT  on  Individual  body  sysenss. 

The  folloving  is  a  swiaty  of  this  report. 

4  .«M.«.tthere  aav  r.snlt  in  Blld  itrltatloh  of  th* 
Initial  exposure  to  TUT  in  the  atBosphere  *ay  -«j  rhinitis 

respiratory  passages  (nasal  discoafort,  sneesingi  apis 
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possibly  associatsd  vich  headache)  and  skin  (arycheoa  and  papular  eruptions 
progressing  to  desquaaation  and  axfoilatlon) .  Gastrointestinal  disorders,  cc 
include  nausea,  anorexia  and  constipation,  sometlBes  associated  with 
tightening  of  the  chest,  are  aaong  the  first  signs  of  possible  Intoxication. 
Epigastric  pain  not  associated  with  feed  intake  is  e  eerdiaal  »y»ptomi 

Absorption  of  sufficient  aaetmts  of  INT  through  the  okin  or  lungs  can  produce 
signs  of  cyanosis  (due  to  BctheBoglebin  fosuatlon),  toxic  jaundice  (due  to 
severe  liver  deaage),  aplastic  aneaia  (due  to  dSMge  to  the  erythropoietic 
systea),  cataract  foraatlon  (possibly  a  direct  effect  of  TKT  vapor  or  dust- 
Bay  be  first  and  only  clinical  aanlf estatlen) ,  Beaaerual  dUordera  (hypo-  or 
hyperacnorrhea) ,  neurological  aanifestatiens  (naurascbenia,  nyscagsnia, 
irregularities  of  tendon  reflexes  and  ediadeehekisesla;  only  2.2Z  of  the  cases 
Math*  Btoifeeted  diffuse  brain  lesions;  50Z  of  the  persons  exaained  in 

another  study  eheved  Irreguleritie.  In  their  theraoregulatlng  reaction  to  heat 
And  cold  (Kaganov  et  al. .  1970  as  cited  in  Zekheti  and  Vlllauaa,  1978))  and 
nephrotoxicity  (es  ovldeneed  by  e  ai|oifieant  rise  In  gloaerular  filtration 
race,  eodtua  retention,  urgency,  frequent  alecurltlon  and  luabar  pain). 

Upon  physical  exaalnation.  tho  findings  aay  includs  s  yellov  discoloration  of 
the  skin.  Mils  end  hair.  This  is  usually  due  solely  to  staining  vith  TUT  and 

Mboclated  with  liver  toxicity.  More 
significant  would  be  a  bluish,  dlseolerstien  of  the  aueosa  indicative  of 
developing  cy^sU.  Other  physlcel  finding.  »lght  Include  dentatici.  with  or 

Md/tt  etH!  *«*hsa  aay  clear),  eplgattric  pain,  tendemeas 

pslpsble  liver  end  ehaagea  to  the  electrocardiogrea 
(bradycardia,  deereaaad  laplltude  of  QRS  coaplex,  flaetencd  T-wavo)  and 
electrooncaphalograa  (decreased  aaplitude  of  biopocentials,  slowed  activity, 
poor  reaction  to  stlstiU).  functional  In  nature.  apparlntly  duo  w 

*'  **•'  **”  *•  ** 

Laboratory  findings  Include  en  saber  to  deep  rod  colerstien  of  the  urine  and 
various  effects  en  the  kaastolegieal  paraaeters  and  bleed  ehsalatrlaa.  In 

*!!*!  ?ri  ~»ulted  in  death,  apeclflc  post-aortea 

flings  included  fatty  changca  in  the  livar  and  kidneys.  Feularten  (1918)  as 

"s..  2]  ’ 

daath  due  to  TW  intexleetloa  (exposure  level  end  duration  net  specified) ,  the 
fJh!^  advenced  degeneration,  dlslntagratien  of  paronehyaa. 

fibrwU  a^  ^ancad  Interlobular  round-cell  laflittatlon.  Fat  was 

both  parenchyaa  and  fibretie  tlasua.  The  kldaay  also  showad 

Jil^cIvofuLrrrJ**^*”^^*  degeneration  of  tha  apltballu.  of 

Nusorou.  f*r  J  ^  floBiruli  were,  hewsvet.  free  of  fat  globuUa. 

N^reus  fat  granules  were  scattered  tbreughout  the  laterelveoler  tlaauas  of 

ungc.  eea  of  brownish  aaterisl  wtre  found  in  all  thrao  organ  ayataas. 
While  there  have  been  only  Halted  reports  in  tbs  English  literature  of 
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cataract  formation  reauitla*  from  industrial  exposure  to  -  ,  a  ar  ^an 
Villauae  (1978)  described  seveVal  studies  that  reported  the  finding  o. 
cataracts  among  European  and  Russian  dynamite  vorkers.  The  cataracts  ^e 
been  reported  to  often  occur  without  other  toxic  •anlfestationa  (Manoileva, 
1988)  while  TyuUna  (1987)  described  ehangea  la  the  crystslliae  lens  sa 
occurring  in  four  stages  end  being  eharacterletic  o£  TKT-lnduced 
eaeily  distingulaheble  from  those  of  different  origins.  Hassman  end  Juran 
(1968)  reported  the  occurrence  of  cetareeta  in  26/61  (42. 6X)  T*”!! 

age  of  44!s  years,  exposed  to  TUT  for  en  averege  of  8.4  y"**  * 

were  described  es  V-sheped  or  lunar,  white-grey  in  color  end  located  in  the 
of  the  lens  equatoJ.  In  ceses.  the  opecitle.  tad  “ 

irreguUr  ring.  While  etaeapberle  leoele  were  not  reported,  the  euthers 
^diSted  that  cataract  fomacioa  wa.  not  associated  with  other  toxic  effects, 
and  that  repeated  exeminationa  indicated  no  other  health  effeeea  in  26.92  o- 
ehe  workers  with  TUT-related  cataracta.  In  1978.  Haasnan  et  al.  confirmed  the 
occurrence  of  cataracts  characteristic  of  TMT  sxposi^  in  8  e  a  ® 

TKT  workers  with  previously  diagnosed  or  suspected  TKT  cetareets.  Control 
subjects  were  not  included  In  this  study.  Average  exposure  duration  wse 
•ppreximstaly  14  years.  Other  TKT-rel»ted  effects  were  Binlaal,  confitmad  la 
only  9X  of  the  exposed  group  and  reported  es  chronic  TNT  intoxication. 

Mote  recently,  lUrkoneu  et  .1.  (1983)  reported  on  the  occurence  of  eqwtorlel 
Isns  opecltiee  in  6  of  12  occupationally  expoead 

opacities  were  described  as  bilatsral  and  sysaaerleal.  »ey  had  no 
visual  acuity  or  visual  fields.  They  were  detectable  only  ta 
the  Itae.  being  either  contlnuoua  or  diecontlnuoua.  Exposure  duration  was  ^ 
approximately  6.8  years  with  werktoom  elr  eoncentracions  averagtog  O'J  *g/« 
«Sh  .  rang,  of  0.14  to  0.58  mg/.^  Physical  ««ln.tlon  ^  U  ^^taw 
blood  chemistry  peraaeteri  were  mortal.  The  average  ege  .vereein* 

va.  39.5  years  with  the  subgroup  having  positive 

43.8  years  vs  35.2  years  in  those  without  catazeets.  In  1984.  ^kitU  et  al. 
retartad  that  U/21  (852)  wortars  «.po..d  to  TNI  f«  a  ««  of 
tta  Dzoeestlng  and  packing  of  axploslvas  had  dateetable  equatorial  lena 
opacitiea.  most  frequantly  in  tta  antarlor  cortex  of  tta  ^  tinrf* 
density  toward  central  areas.  Ths  tacn  egs  of  ^ 

years  lAlle  atwepheric  levels  ranged  Iron  O.l  to  0.4  wor 

shoved  varying  degrsst  of  csntrsl  opacity,  fron  nlattta>  spots  to  on 

rosettes,  but  riieie  opscltlss  were  so  slight  that  no  offoct  was  date 
visual  acnlty.  In  502  of  ttass  with  tta  psrlpberU  lens  *2!!  iliMirtShy 
density  was  so  slight  that  so  shadow  was  seen  in  fundus  "tJSMftailtr 
Thert  have  been  no  reports  in  tta  lltersturs  sor  in  2Stat.d 

wrrsys  on  the  occurrence  of  eatszsets  In  winltlons  wortare  In  eta  Onlted 

Stetee. 

The  ntchanlsm  of  THI-catsrcct  fortatlon  is  not  ®>’****^J^ 

recent  studies  (Herkonen  et  si.,  1983)  have  Invsstlgstta 

based  upon  the  vulnersbUlty  of  the  peripheral  lens  fibers  to  effects  o 
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p«roxid*cion,  as  a  possiblt  caust  of  TNT-rtlstscl  cataracts,  no  dtflnitive 
conclusions  eould.be  drawn  from  tVis  lavesttljation.  Several  studies  implicate 
direct  contact  and  local  absorption  as  the  probable  cause  (Kcoll  and 
Kelevatylch.  1965;  Kasoilovs,  1967  as  cltad  in  2akhari  and  Vlllaume.  1978). 
based  upon  the  absence  of  syscemie  e£ facts  in  the  majority  of  the  exposed 
individuals  with  the  positive  eataraet  findings.  The  weak  polarity  of  TKT 
also  supports  its  pbillty  to  directly  penetrate  the  leas. 

kd*  also  been  found  that  individuals  daficlent  in  glueose*6<^hosphtte 
dahydrogcnase  (G6I|D)  msy  be  partleulsrly  susceptible  to  TNT  intoxication.  In 
ona  raport  (Djerafol  and  Vltany,  1975  aa  cited  la  Zakheci  and  Villauma.  1978), 
eaaat  of  hamolytie  apiaodes  oceorrad  in  3  tadividuale  irithia  2  to  4  days  after 
iaitlel  exposure  tjo  TKT.  Besed  on  these  ead  slmllsr  f ladings,  it  was 
reeoiDncnded  that  deterslaacion  of  G6PD  activity  be  mads  a  pre-empleymeac 
raottiremeat  for  TKT  verkara. 

Effects  on  the  white  blood  cells  (VBCs) »  ss  svldeneed  by  an  laertaat  in  the 
large  moaonueleax  leukocyte  count,  say  also  be  sa  esrly  indicator  of  TKT 
peiaoaing.  Hamiltea  (1946)  reported  that  Inereasas  in  these  cells  usually 
prceeadcd  symptoms  of  illaass  and  Isvala  remained  elavatad  for  2  to  3  noatbo 
following  initla.1  occurrenee  (cited  in  Zakharl  and  Villaume.  1978). 

Toxic  hapacicis  and  aplastic  anesla  hsvs  bssn  reported  as  the  prlneipsl  esuse 
of  death  following  TKT  intoxication.  Zakhari  and  VllUusa  (1978)  reportad 
that  aeveral  fatal  cases  of  splaetlc  snomts  were  sssocistsd  with  earlier 
episodes  of  noa-fetel  toxic  jauadiee  or  bapatltis.  They  further  iadicated 
that  apiaatic  aaeaia  can  occur  aftar  a  latsat  period  of  aeverel  years 
following  an  attack  of  toxic  jaundice.  Mjpmtplmsim  of  the  bene  narrow  is  the 
first  reaction  of  the  hesepeleeic  clsauea  to  TNT  polseaing. 

In  a  raport  prepared  by  aha  Oapartaant  of  the  Army,  as  guldsaee  standards  in 
i*Atts«i*l  medicine  end  tqrgiene  (DAtCOM,  1976),  gaaerolatestlnal  aysptoaa  we.re 
reported  aa  efcaa  the  first  ladlcatlea  of  toxicity.  This  report  also 
indicated  the  lack  of  a  claar  rclatieaahlp  between  the  oecurreaee  of  the 
detmatltls  often  eatoeiated  with  exposure  to  TKT  sad  the  devalepseac  of 
eystemlc  effects;  either  say  exist  la  the  abaaaee  of  the  other. 

Older  reports  ea  the  adverse  health  ef facta  aeaeeiated  with  axpoaura  to  HIT 
8*ns7slly  did  not  laclude  iaforaatloa  on  workplace  eoaeaatraeieaa.  Xa  one 
uaeoacrelled  study,  EnMkov  at  al.  (1969)  aa  eltod  la  NEC  (1982),  reported 
thatjl22  <21X)  of  574  employees  ei^oaed  to  an  average  INI  eoaeeaeratloa  of  I 
Sf/s  wero  ehroalcelly  poiaeaed;  work  ei^oaurao  ranged  from  6  to  25  years. 

Moat  of  thoae  affeetad  had  fuBetlooal  dloordara  of  tha  central  nervous  aystas, 
with  222  (27)  havlag  ebroaic  eaesla  sad  leukopenia,  202  (24)  with  cataracts, 

•ad  122  (15)  with  syaptoms  of  bepacitis.  No  eoapsrleeas  were  made  with 
uaaxpoaed  eoatrel  populations. 
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Scvccal  r«pcrt5  of  controllttf  Btudles  hav*  provided  boxm  inforaasloa  on  che 
early  and  iubcliaioal  tf facts  >of  ThT  expeauta  (Stawart  at  tl.,  1945 1-  £l 
Chawabi  at  al.,  1974,  and  Hathaway,  1974  as  cited  in  KRC,  1562;  Morton  at  al. , 
1976),  A  significant  finding  in  chase  apida«lologic  studies  is  the  occurrence 
of  haBitologtc  and  hepatic  ab«er«alltlas  sc  TNT  concentrstiotis  wall  below  the 
Pexmisslbla  Exposure  Limit  (PEL)  of  1.5  mg/m  (OSHA,  1981).  Among  the  most 
persistent  findings  were  mild  reductions  in  hematocrit  (Hct),  hemoglobin  (Hgb) 
coneantratiens  and  rad  blood  call  (MC)  counts  of  exposed  persons.  These 
findings  have  been  aetributad  mostly  to  che  destruction  of  rad  calls  by 
hemolysis  due  to  exposure  to  TNT  or  to  its  msttsbolittaa  (Voagelin  at  al. ,  1522, 
Cenav  1944,  as  cited  is  NRC,  1982;  Bathamsy,  1977). 

In  one  atudy  cited  by  Zakhari  and  VUUum  (1978),  a  group  of  62  undergraduate 
stndants.vara  axpoaad  to  ataospharlc  coneentratlona  of  TNT  rnaging  from  0.3  to 
1.3  mg/n^  for  approximately  33  daya  (Steirert  at  al.,  1945).  Obaarvad  changes 
in  20Z  or  more  of  the  aubjaeta  included  a  daeraaaa  in  Kgb  and  circulating 
blood  calla.  an  ineraaaa  in  the  nu^or  of  raciculoeytaa .  a  smell  but 
slgnlficsnt  dacssasa  in  plasma  pretaina  mod  a  algnlf  leant  incraaia  in 
bilirubin.  The  authors  indicated  that  males  were  more  suacepclbla  to  the 
hemolytic  effects  of  TNT  than  wart  famalea. 

Goodwin  (1972)  reported  that,  la  a  1951  study  st  the  Lone  Star  Army  Ammunition 
Plant  (LSAAP)  in  Tsxarkaaa,  Texas,  mssn  atmosphsric  contsminanc  lavsls  for  TNT 
(dust  and  fumas)  ware  2.38  ag/m  ■  with  no  exhaust  ventilation  ayatams  in  use, 
la  a  aarias  of  tests  coxiduetad  under  a  Fhyalcsl  Eacback  Examination  Program, 
the  Thymol  Turbidity  tost,  indicative  of  liver  call  irricatioa,  was  used  to 
aveluata  liver  impairment.  Prom  a  total  of  1,537  testa  run  during  one 
sersanisg  period,  87. SZ  of  the  workacs  vara  within  the  salecced  normal  range 
(to  2.9  MaeLagan  unite)  with  no  algiia  of  liver  toxicity*  Of  tht  rsmalaing 
workers  with  liver  function  teats  sbovs  cha  normal  range,  from  2.9  to  >5 
MaeLagan  unite,  36  (<2.5Z)  showed  clessleml  symptoma  of  liver  damage.  Liver 
function  values  In  the  a£f anted  workers,  initially  >5  MaeLagan  units,  returned 
to  normal  llmiea  within  three  weeks  of  their  renovel  from  the  eentasiinated 
aavirotaant. 

In  so  occupstianal  health  study  conducted  by  the  U.S»  Army  Environments! 
Hygiene  Agency  (U5AEHA)  at  s  TNT  washout  faelllcy  st  Utterkenny  Army  Depot  in 
Pennsylvsnis,  rriedUndsc  st  si.  (1974)  repertsd  that  smployses  exposed  for  6 
months  to  TNT  at  various  work  leenclens^iB  the  facility  and  sc  stmoapharlc 
levels  ranging  from  <0.02  to  3.00^  mg/m  displayed  ellmieally  and 
scaeiacieally  aigalfleanc  daeraaaaa  in  Bgb  sad  let  Isvals  when  compared  to 
pre^xposurs  values.  Furthemera,  a  atatiscical  comparison  of  ebsso 
pooc'.'sxposurc  vsluaa  with  those  of  matched  controls  (non-axpooad  individuals) 
at  the  same  facility  Indicated  e  higher  race  of  ebmemslltleo  in  the  exposed 
individuals  and  mean  value  dlffarancas  becwaea  tha  two  groupa. 

In  addition  to  aignlflcaac  diffaranees  in  the  Hgb  and  Hct  valuee  (0.005  <  p  i 


VI-5 


»i««.  <0.01  <  p  <  ^osf.- »; 

in  several  other  ilboratory  aayfT^^.  <  ^iff*rences  could  be  denonstraeed 

ttansauinase  (SCOT),  Uct7c  dehydroit^rS^)*  Mr™ 

(SAP),  cholesterol  end  total  blll^Jr  !  CU>H),  oerui  alkalla,  phosphatase 

•f  Jto.n.1  »,1„M  a..,  «rk.t.  «rr,lij«l  L  «I*«nbotla 

production  rate  C«ro®7SX  to  >i00X  capaeltv)  ^oth  an  increased 

l«vtls  (fro.  0.3  to  0  8  wfi  ‘Mrease  1»  tkt  dust 

.  lacludlag  Bgb,  SCOT  and  LD».  Baaed  oa.  thl^iU*  vere  tested 

exposed  individuals  dewnatrated  abnomei  eT*?!**'*^  values,  62. 8Z  of  the  TNT 
(Ability  to  Identify  2^rr«St!)^iJffS^^ 

Hgb  values  irere  evaluated  to  iSx  '“**^,  **« 26X  ehen  only 

SCOT  and  LDH)  vere  ^erLd  safaT  ^  PAraeeters  (Egb. 

of  the  individual  fro*  .eurees  of  occunmi  upon  renoval 

could  not  be  deterained  fron  the  available  dee*  m  ^  for  recovery 

differences  could  be  found  in  the  lncldeite.^e**».  ^  oignif leant 

i^Aiiuv,  ****  •••  ”  diAr^^  Mt*hai^uir'*^“ 

and  SCOT  levels  (P  <0.0l)  folloirina*ehe*^«*™^!***  ^  (P  *0.005) 

inereaes  in  both  the  _*  ec  ai. ,  1976).  ihi, 

4..r..  .b.  .taoUSS  ^uJL^Sh  “*‘  "“**•  -  '»• 

of  TNT,  leadina  the  eutba^.  xrrreiatod  with  Che  higher  atwepheric  levels 

Value  (HV)  of  1.5  «g/m^  recem^ed  at  **  '***  I>iatt 

■»/»  recevsadad  at  chat  CiM  (AC6ZS,  1971) , 

««  nplepM.  acM,  to  m.  .b  wTilSbi**^  nffT  Iwelvln, 

Z£:  nsrs  a -n^”’  ~ ’ 

:.2rrs,-s  SLSj.'s-iiss.r  • 

catraselina)  '  '"'y“****»3,5,.-tatranitre-l,3,5,7- 

JoiUt.  Iw.,  HiUb,  v,l»b„b  «d  H«U«m 
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\  itl«5 .  •Vldence  of  liver 

,Kgb.  Hot  rectculocyce  „  Studied.  This  result  appears  to  be 

•toxicity  vcs  indicated  by  tha  p  iiveT  toxicity  Iti  the  KAAP  study. 

« '»•  »»•««•  ««.  -v, 

^.r.  woiuit  ItvtU  1"  “j  TOi  .otMt,  atc..i  «  ’•«-5 

.Itt  oaly  wptoilMMly  121^  0.8  «|M  • 

.au.  7"X«.d  tal.  0.5%.”^  «y  b*  • 

f.:r.tlS*li’'«T£f«d  l.v.1  for 

0. .a...  a«d. . 

.11  tkt..  "“i  Tst  «po.ut«  (<0.5  m»/»*)  ■*!•  £«*“'•  * 

.uttuud  «  '»•  '“Ltn.MPty  -iU  titlculoeytodi*-  It  •“  »' 

1«  grUc  h.mely.1.  tth  .  h«.»l»8l»l  <««»•  trtm  ^ 

P0..U>1«  to  d.t.trtM  .  ao  .titct  IW.^  ,,c»,Bdrt  tli.t  tb,  UV  for  TW  lb 
Uni,.  A.  .  t.~lt  .£  «“f  >  "4^;  lITl  Pf  l.S  «/.’  t.  .  l.v.i  .£ 

z  «/^'is*t5::4s:”‘s!  n4  o-s'^/.*  -  tb-u  .itb.™.  «.p.-. 

standard  fot  TOT. 

B.  H..lth  Effse*-.  m  Animal  Expcrlttena. 

1.  SHogt«Tettt  Exposure 

AS  indicated  by  studies  '*J*;^Jj“J^t‘*£t^Mr!lataM  Screaaes  to  body 
dietary  intake  of  TOT  .  ilts^ntacion  to  the  urine  perelsted 

velght  and  food  intake  ubtle  sonewbat  inconaiatent  while 

throughout.  SOM  anento  was  ^  spaclas.  tots  dswaloped 

rti^urroibr  r«rto..  tomcity  .tudu.. 

Let  et  el.  (1975) 

CD  rats  and  albino  Swiaa  »lc  •  i-tubarlon  with  a  A.12X  aatwrated 

hour  a  prior  to  dostof  by  tbs  auivlvera  wera  obsstved 

d.uy  ft  u  d«r. «« ^4  «L  -  tb.d .» «*!»-’ Wbo«(  •« 

calculatad  by  a  coM«t«*  P»os*» 

Tinnsy  (1971). 

TM  acuta  UJj^  valuaa  to  nala  J^kf ♦ 

UsUkivaly.  Sy—trlcal  f  -«d  oonttouad  for  I  to 

inhibition  occurred  within  ®  tttunlly  due  to  teepitntory  permlysi* 
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16.0  Operations  Manual 

16.1  Process  Description 

Red  water  is  fed  to  the  CBC  where  it  is  thermally  treated.  Combustion  by-products  (ash)  and 
bed  material  are  indirectly  cooled  with  water  in  the  ash  cooler  conv^or.  The  combustion  gas 
is  cooled  in  the  partial  quench  and  cleaned  in  die  baghouse. 

The  feed  system  conveys  red  water  to  the  CBC.  The  red  water  enters  the  CBC  at  the  loop- 
seal.  Mixing  and  blending  occur  inside  the  CBC  because  of  the  tuibulence  of  the  combustion 
air  and  the  circulating  media. 

The  auxiliary  fuel  is  natural  gas,  which  can  be  fired  in  the  start-up  burner  or  fed  direcdy  to 
the  CBC.  The  start-up  burner  is  mounted  in  the  CBC  wind  box  and  has  a  maximum  capacity 
of  5  MMBtu^iour. 

At  temperatures  greater  than  1300®F,  auxiliary  fuel  is  fed  directly  to  the  CBC,  where  4 
MMBtu/hour  of  auxiliary  fuel  can  be  fed  directly  to  the  CBC. 

Primary  air  is  provided  to  the  start-up  burner  by  the  combustion  air  blower.  Fluidizing  air 
(secondary  air)  is  fed  directly  to  the  CBC  wind  box  by  the  combustion  air  blower.  The 
quantities  of  fuel  and  air  fed  to  the  CBC  are  carefully  monitored  and  controlled  to  maintain 
the  CBC  combustion  chamber  flow  rate  and  tCTiperature. 

Ash  and  bed  material  are  discharged  fiom  the  CBC  by  the  ash  cooler  conveyor.  The  CBC 
off-gases  are  dutted  to  tiie  partial  quench  where  they  are  cooled  to  about  400®F.  The  cooled 
combustion  gases  pass  through  the  baghouse  where  more  than  99  percent  of  the  particulate  is 
removed.  The  cleaned  combustion  gases  then  pass  through  the  I.D.  fan  and  exit  at  the  stack. 

The  components  of  the  CBC  system  are  illustrated  on  the  PFD  D-00-10-001.  This  drawing 
includes  a  typical  M&EB  for  the  CBC  system  and  the  design  flows  and  conditions.  The 
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p^ing,  instrumentation,  and  controls  associated  with  the  CBC  are  ^own  in  the  following 
P&IDs: 


•  D-20-1 1-001 

•  D-20-1 1-002 

•  D-50-1 1-001. 

16.2  Process  Control  Inscription 
16.2.1  Process  Control  Overview 

The  CBC  thermally  treats  red  water  and  produces  ash.  The  CBC  (grates  with  a  constant 
flow  rate  of  combustion  gases  in  the  CBC  combustion  chamber.  Ash  and  bed  material  is 
discharged  into  the  ash  cooler  conveyor  for  cooling  and  storing.  Ash  from  the  baghouse  is 
discharged  through  four  rotary  valves  into  a  storage  bin. 

Combustion  gases  from  the  combustion  chamber  pass  through  a  cyclone  that  separates  the 
entrained  bed  material  from  the  combustion  gases.  The  bed  material  is  returned  to  the 
combustion  chamber  duough  die  loop-setd.  The  CBC  off-gases  exit  the  CBC  by  a  refractory- 
lined  duct  that  cormects  the  CBC  to  die  partial  quench.  The  partial  quench  cools  the 
combustion  gases  to  tqiproximately  400^.  The  cooled  combustion  gases  go  to  die  baghouse 
where  more  dian  99  percent  of  the  particulate  is  removed.  The  cleaned  combustion  gases 
then  pass  through  the  I.D.  fan  and  exit  from  the  stack. 

A  negative  pressure  is  maintained  in  the  CBC  by  adjusting  the  inlet  vane  damper  to  the  I.D. 
fan.  The  combustion  gas  flow  rate  in  the  combustion  chambo:  is  maintained  by  adjusting  die 
damp>er  on  the  combustion  air  blower.  The  dP  across  the  bed  is  maintained  by  adding  or 
removing  bed  material  from  the  CBC. 

The  CBC  uses  natural  gas  as  the  auxiliary  fuel.  Combustion  chamber  temperature  is 
controlled  by  adjusting  die  auxiliary  fuel  firing  rate.  The  partial  quench  exit  gas  temperature 
is  controlled  by  varying  the  quench  water  flow  rate. 
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The  red  water  feed  rate  to  the  CBC  is  controlled  by  a  control  valve  in  the  feed  line.  The  red 
water  feed  rate  is  limited  by  the  concentration  of  oxygen  in  the  stack. 

16^^  CBC  Start-Up  Burner  System  Controls 

The  air-to-fuel  ratio  in  a  burner  is  critical  to  the  safe  operation  of  a  combustor.  The 
air-to-fuel  ratio  for  the  CBC  start-up  burner  is  strictly  based  on  the  flow  rate  of  natural  gas  to 
the  main  burner.  The  combustion  air  is  provided  by  the  combustion  air  blower.  The  fuel 
flow  signal  is  transmitted  to  the  air-to-fuel  ratio  controUer  (FFIC-204)  in  the  central  control 
system  (CCS).  Based  on  the  ratio  set  by  the  operator,  the  FFIC-204  (ratio  controller) 
modulates  die  damper  (FV-204)  on  the  combustion  air  blower  discharge,  modulating  the 
primary  air  flow. 

Start-Up  Burner  Flameout.  A  flame  scaimer  (BE-209)  scans  the  start-up  burner.  When 
flame  scaimer  BE-209  detects  that  the  CBC  start-up  burner  flame  is  extinguished,  the 
following  results  occur 

•  Fuel  gas  (natural  gas)  is  isolated  from  die  CBC  via  double  block  and  bleed 
Maxon  valves  YV-209A,  B,  and  C. 

•  Primary  ccunbustion  air  control  valve  (FV-204)  goes  to  its  low  fire  position. 

16.2.3  CBC  Primary  Fuel  System  Controls 

At  temperatures  greater  dian  1300®F,  the  auxiliary  fuel  will  be  fed  direcdy  to  die  CBC.  At 
these  temperatures,  the  auxiliary  fuel,  natural  gas,  will  autoignite;  therefore,  standard  burner 
management  practices  are  not  practical  or  required. 

Primary  Fuel  Air-tO-Fuel  Ratio  Controi.  The  air  flow  rate  to  the  CBC  is  adjusted  to 
control  the  combustion  gas  velocity  in  the  combustion  chamber.  The  only  adjustment  of  the 
primary  fuel  air-to-fuel  ratio  is  the  minimum  oxygen  limit  at  die  stack. 

Primary  Fuei  Flameout.  The  primary  fuel  will  be  fed  direcdy  to  the  CBC  at  temperatures 
greater  than  1300°F,  which  is  more  than  the  autoignition  temperature  of  natural  gas. 
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Therefore,  a  primary  fuel  flameout  is  impossible  and  there  are  no  flame  deteaion  devices 
used  or  required. 

16.2.4  CBC  Combustion  Chamber  Temperature 

The  CBC  combustion  chamber  temperature  is  controlled  by  modulating  the  amount  of 
auxiliary  fuel  added  to  the  combustion  chamber.  Because  of  the  long  solids  retention  time 
(typically  more  than  20  minutes),  the  ash  temperature  is  equal  to  the  combustion  chamber 
temperature. 

The  CBC  combustion  chamber  temperature  is  sensed  by  two  redundant  thermocouples 
(TE-203A  and  B)  located  in  the  CBC  combustion  chamber.  During  routine  operation,  the 
circulation  of  the  bed  media  tend  to  equalize  the  temperature  throughout  the  CBC.  The 
temperature  will  be  relatively  constant  in  the  combustion  chamber,  the  cyclone,  and  the  loop- 
seal. 

During  routine  operation,  the  CBC  combustion  chamber  temperature  is  controlled  by 
modulating  die  flow  of  auxiliary  fuel  to  the  CBC.  If  the  gas  temperature  falls,  temperature 
controller  ’nC-203  will  inorease  the  flow  of  auxiliary  fuel  to  the  CBC  by  flow  controller 
FIC-219,  which  controls  die  auxiliary  fuel  valve  (FV-219). 

16.2.5  CBC  Combustion  Chamber  Pressure  Controi 

The  pressure  inside  the  CBC  is  maintained  slighdy  below  atmospheric  pressure.  CBC 
pressure  is  sensed  by  PIT-210  located  in  the  loop-seal.  The  pressure  is  controlled  by  PIC- 
210,  which  adjusts  the  pressure  control  valve  (PY-501). 

16.2.6  Differenha'I  Pressure  Across  the  Bed 

For  proper  operation  of  the  CBC,  it  is  necessary  to  maintain  the  ^ropriate  dP  across  die  bed 
and  to  routinely  provide  fresh  material  to  die  bed.  The  dP  across  the  bed  is  measured  by 
PDIT-206.  The  dP  across  the  bed  is  increased  by  adding  bed  material  and  is  decreased  by 
operating  the  ash  cooler  conveyor  (H-2001). 
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16.2.7  Combustion  Gas  Velocity 

The  combustion  gas  velocity  is  maintained  at  a  constant  5,030  acfm.  This  velocity  is 
measured  by  a  portable  pilot-mbe  at  the  exit  of  the  cyclone.  Flow  controller  (FFIC-204) 
adjusts  die  flow  valve  (FV-204)  to  control  the  combustion  gas  velocity. 

16.3  CBC  System  Start-Up 

16.3.1  Introduction 

The  procedures  provided  in  this  section  are  supplements  to  the  procedures  diat  will  be 
described  in  the  equipment  vendors’  manual.  The  procedures  in  the  vendors’  manual  should 
be  consulted  and  followed  as  appropriate. 

The  following  utilities  must  be  available  before  attempting  to  start  fliis  area  of  the  plant: 

•  Electrical  power  -  normal  and  unintemqited  power  supply  (UPS) 

•  Instrument  air 

•  Plant  air 

•  Auxiliary  fuel  -  natural  gas. 

16.3.2  Start-Up  Procedure  Summary 
16.3.2.1  Cold  Start  Procedure  Summary 

The  following  summary  procedure  assumes  that  the  CBC  refractory  does  not  require  curing: 

1.  Check  that  the  ash  system  is  operational. 

2.  Start  the  combustion  air  blower  (3-2001)  by  pushing  the  start  button 
(HS-204). 

3.  Start  the  I.D.  fan  (B-5001)  by  pushing  the  start  button  (HS-501). 

4.  Start  the  loop-seal  blower  (B-2(X)2)  by  pushing  the  start  button  (HS-207). 

5.  Add  the  bed  material  to  the  CBC  tmtil  the  dP  across  the  bed  is  more  than  20 
in.  w.c.  on  PDIT-206. 
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6.  Check  tiiat  water  is  available  to  the  quench. 

7.  Check  that  process  air  is  available  to  the  baghouse. 

8.  Light  the  stait-up  burner  by  pressing  the  start  button. 

9.  Gradually  increase  natural  gas  flow  manually  to  the  start-up  burner  according 
to  the  recommended  lefractoiy  heat  up  schedule. 

10.  When  the  CBC  reaches  1300®F,  put  the  start-up  burner  in  manual  (FIC-209). 

11.  Initiate  the  flow  of  primary  fuel  to  the  CBC  by  pressing  HS-219. 

12.  Gradually  increase  die  flow  of  primary  fuel  (FIC-219)  to  die  CBC  until  the 
start-up  burner  is  at  low-fire. 

13.  Shut  off  the  start-up  burner. 

14.  Increase  primary  fuel  firing  rate  manually  until  all  normal  operating  set  points 
are  met  (e.g.,  1600°F  in  the  CBC  combustion  chamber  temperature). 

15.  After  all  set  points  are  met,  start  the  red  water  feed  at  a  reduced  rate. 

Monitor  CBC  combustion  chamber  temperature  manually  by  adjusting  the 
primary  auxiliary  fuel  firing  rate  using  FIC-219.  Watch  for  slagging  and 
overheating  of  the  CBC. 

16.  Gradually  increase  the  red  water  feed  rate  while  monitoring  the  stack  gas 
oxygen  concentration.  The  maximum  red  water  feed  rate  will  be  obtained 
when  the  feed  rate  is  equal  to  the  permit  feed  limit  or  the  stack  oxygert/ 
concentration  is  equal  to  3  percent  oxygen. 

17.  Adjust  'nC-203  ouq>ut  to  agree  with  FIC-219  set  point,  and  switch  FIC-219 
to  automatic/cascade  control.  Switch  TIC-203  to  automatic/local  with  its  set 
point  agreeing  with  the  exit  gas  temperature.  TIC-203  will  dien  modulate  the 
set  point  to  FIC-219  to  increase  or  decrease  the  firing  rate  to  the  start-up 
burner  to  maintain  CBC  off^gas  temperature  at  the  set  point. 
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16.3^.2  Hot  Start  Procedure  Summary 

After  an  emergency  shutdown,  the  CBC  can  be  restarted  as  follows: 

1.  Check  that  all  combustion  air  blowers  are  operating. 

2.  Check  that  the  CBC  ancillaty  equ^ment  is  operating. 

3.  Re-light  the  start-up  burner. 

4.  Re-establish  CBC  temperature  and  waste  feed  rate  by  following  the  last  eight 
steps  in  Section  16.3.2.1,  Cold  Start  Procedure  Summaiy. 

16.3^.3  Start-Up  During  Hot  Idle 

To  start-up  from  hot  idle,  follow  Stq)s  10  through  17  of  Section  16.3.2.1,  Cold  Start  Proce¬ 
dure  Summaiy. 

16.3^.4  Refractory  Curing 

General  Information.  The  main  purpose  for  drying  out  a  CBC  or  any  other  piece  of 
refractory-lined  process  equipment  before  making  it  operational  is  to  remove  the  residual 
moisture  in  the  brick,  mortar,  and  castable.  This  moisture  must  be  removed  slowly  enough  to 
ensure  that  steam  is  not  generated  within  the  lining.  Such  steam  generation  can  nq>ture  die 
Lining  and  cause  the  refractory  to  fracture. 

The  general  and  recommended  practice  is  to  heat  the  refractory-lined  equipment  slowly, 
bringing  the  temperature  iq)  gradually  and  in  specific  increments.  As  the  temperature  is 
raised,  it  is  also  kq>t  at  certain  levels  for  ^cified  lengths  of  time. 

When  the  drying  out  process  is  completed,  it  is  desirable  for  the  plant  to  be  in  a  position  to 
raise  temperature  to  process  levels  and  to  go  into  production. 

The  entire  drying  out  process  has  to  be  coordinated  and  a  close  check  kept  on  all  of  the 
temperature-indicating  devices  in  the  system  to  ensure  diat  temperatures  at  any  point  do  not 
exceed  equ^ment  c^abilities. 


By:  PO 
Checked:  PA 
,^>pioved:  PA 
Date:  02/06/95 


OperatLOQs  Manual 

rrpcE 


Knoxville,  Tennessee 
Rev.  No.  (0)  (1) 


Area  No.: 

Area  Name:  AH  Areas 
Page:  7  of  9 


COMPANY  NAME:  IT  Coipoiation 

PROJECT  NAME:  USAEC 

LOCATION:  Aberdeen  Proving  Ground,  Maryland 


FRQJBCTNOj  322243 
SPEC  NO.: 

WP:  WP1585.16 


Equipment  to  be  Dried  Out  The  following  pieces  of  equipment  are  refractoiy-lined  and 
will  require  various  degrees  of  drying  out: 

•  CBC  -  including  combustion  chamber,  cyclone,  and  loop-seal 

•  Discharge  duct 

•  Quench. 


Drying  Out  All  of  the  equ^ment  can  be  dried  out  by  introducing  heat  through  the  start-iq> 
burner.  Follow  system  stan-tq>  procedure  provided  in  Section  16.3.2.1,  Cold  Start  Procedure 
Summary,  to  light  the  burner.  The  CBC,  the  discharge  duct,  and  the  quench  can  be  cured 
simultaneously. 


The  following  drying  schedule  is  to  be  followed  unless  the  supplier’s  recommendations  are 
more  stringent: 

1.  After  all  refractory  work  has  been  completed,  let  it  air  dry  for  at  least  24 
hours.  If  there  is  any  visible  moisture  on  the  refractory  surface,  such  as  wet 
grout,  continue  air  drying. 

2.  Using  the  start-iq>  burner  at  a  very  low  setting,  hold  the  CBC  combustion 
chamber  temperature  at  150°F  as  shown  on  the  CBC  exit  thermocouple  for  12 
hours.  Combustion  air  flow  rate  can  be  used  to  help  keep  the  temperature 
down. 

3.  With  the  start-up  burner,  raise  the  temperature  approximately  50°F  per  hour 
to  300°F  (3  hours). 

4.  Hold  the  temperature  at  300°F  for  12  hours. 

5.  Licrease  the  temperature  50®F  per  hour  to  600®F  (6  hours). 

6.  Hold  the  temperature  at  600^  for  12  hours. 

7.  Increase  the  temperature  50®F  per  hour  to  1000°F  (8  hours). 

8.  Raise  the  CBC  combustion  chamber  temperature  (now  at  1000°F)  ^roxi- 
mately  50®F  per  hour  to  1250°F  (5  hours)  and  hold  at  1250°F  for  6  hours. 
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9.  Raise  the  CBC  combustion  chamber  tonperatuie  approximately  50^  per  hour 
to  1500®F  (5  hours).  The  refractory  should  now  be  dry  and  the  equ^ment 
should  be  ready  to  be  put  into  operation.  It  is  recommended  that  the  equ^ 
ment  be  put  into  operation  without  cooling  the  refractory.  If  the  equipmoit  is 
not  going  to  be  put  into  operation,  begin  cool  down  at  a  rate  of  50®F  per 
hour. 

Cautions: 

-  During  dryout,  be  especially  careful  not  to  exceed  temperature  limitations 
of  other  equ^ment  in  the  system  (fan,  scrubber,  etc.). 

-  If  steam  is  noticed  during  the  dryout,  hold  at  that  temperature  until  the 
steaming  stops. 

-  If  the  dryout  is  interrupted,  restart  tire  dryout  at  die  last  fully  completed 
pordon  of  die  dryout  schedule. 

-  Do  not  shock  refractory  with  either  heat  or  cold;  gradually  heat  up  or  cool 
down  refractory  at  ^proximately  50®F  per  hour. 

If  installed  refractory  material  gets  wet,  gradually  heat  it  up  and  dry  it  out 
at  ^^roximately  50°F  per  hour.  If  steam  is  noticed  during  heat¬ 
up/dryout,  hold  at  that  temperature  until  die  steaming  stops. 
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17.0  Performance  Test  Plan 


17.1  Introduction 

Red  water  is  the  aqaeous  efQuoit  generated  during  sellite  purification  of  crude  TNT.  Red 
water  is  a  reactive  hazardous  waste,  EPA  Hazardous  Waste  number  K047.  To  destroy  red 
water,  a  CBC  is  being  designed. 

After  construction  of  die  CBC  is  completed,  the  unit  will  be  started  and  operational  defects 
identified  and  corrected.  When  the  CBC  is  operationally  ready,  the  test  program  will 
commence.  The  test  program  is  designed  to  optimize  the  performance  of  the  CBC  and  to 
demonstrate  the  ability  of  the  CBC  to  meet  regulatory  and  warranty  performance  limitg 

The  test  program  will  consist  of  diree  distinct  test  phases: 

•  Start-up  test 

•  Shakedown  test 

•  Performance  test. 

17.1.1  Start-Up  Test 

After  construction  of  the  CBC  is  completed,  the  unit  will  be  started  on  amdliary  fiiel  and  die 
mechanical,  electrical,  instrumentation,  and  control  system  will  be  checked  out. 


17.1J2  Shakedown  Test 

After  the  completion  of  die  start-up  test,  the  shakedown  test  will  begin.  During  die  shake- 
down  test,  the  optimum  CBC  operational  parameters  and  die  performance  Nmitc  will  be 
determined.  The  shakedown  test  will  have  two  separate  iwgmmtc- 

•  Tests  that  can  be  conducted  when  operating  on  only  auxiliary  fuel 

•  Tests  that  require  the  CBC  to  be  combusting  auxiliary  fuel  and  red  water. 
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17.1^  Performance  Test 

The  peifonnance  test  will  be  conducted  on  the  CBC  after  the  completion  of  the  shakedown 
test.  Daring  the  petfonnance  test,  die  CBC  will  be  tested  for  its  abiliQr  to  meet  legulatoiy 
and  warranty  performance  requiremrats. 

This  document  presents  the  basic  oudine  for  the  start-iqi,  shakedown,  and  performance  tests, 
and  is  not  intended  to  serve  as  die  Trial  Bum  Plan.  A  s^arate  Trial  Bum  Plan  must  be 
prepared  during  the  RCRA  permitting  process. 

17^  CBC  Process  Description 

17^.1  Type  of  incinerator 

The  CBC  incinerator  consists  of  a  combustion  chamber,  a  hot  cyclone,  and  a  loop-seal.  Bed 
material  is  fluidized  with  air  in  the  combustion  chamber.  The  bed  material  is  blown  out  of 
the  combustion  chamber  to  the  hot  cyclone.  The  hot  cyclone  sqiarates  the  combustion  gases 
and  the  bed  material.  The  bed  material  is  sent  to  die  loop-seal  and  returned  to  die  combus¬ 
tion  chamber.  The  combustion  gases  exit  the  cyclone  to  the  APCS. 

17^^  Description  of  the  Auxiliary  Fuel  System 

The  start-up  burner  is  a  5  MBtuAir  burner  mounted  in  a  duct  attached  to  the  wind  box.  This 
burner  uses  natural  gas  as  die  auxiliary  fuel  to  heat  the  combustion  air.  At  temperatures 
above  1300°F,  the  auxiliary  fuel  (natural  gas)  is  fed  direcdy  to  the  tuyeres. 

17^.3  Capacity  of  the  Prime  Mover 

The  CBC  prime  mover  is  an  induced  draft  fan  rated  at  5,000  acfin  at  50  inches  water  colunm. 

17^.4  Description  of  the  Waste  Feed  System 

The  CBC  is  designed  to  thermally  treat  red  water.  The  red  water  is  fed  by  a  pump  to  the 
feed  port  located  on  the  loop-seal. 
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17^.5  Treated  Material  Handling  System 

Treated  mateiial  (ash  and  spent  bed  material)  from  the  <ZBC  drops  into  the  ash  cooler 
conveyor.  The  ash  cooler  conveyor  is  a  screw  conveyor  that  cools  the  ash  and  places  the  ash 
in  the  ash  bin. 

17^.6  Description  of  the  Automatic  Waste  Feed  Cutoff  System 

The  primary  function  of  the  automatic  waste  feed  cutoff  (AWFCO)  system  is  to  prevent  the 
feeding  of  red  water  if  the  CBC  process  conditions  are  outside  of  die  permitted  operating 
limits.  Ehiring  die  start-up  and  shutdown  of  the  incinerator  or  during  process  upsets,  the 
interlocks  automatically  stop  all  waste  feed  systems  and  prevent  their  restart  until  the  CBC  is 
widiin  the  required  operating  limits. 

When  waste  feeds  are  stopped  due  to  an  AWFCO  interlock,  auxiliary  fuel  (natural  gas)  will 
continue  to  be  fired  to  maintain  operating  temperatures.  With  the  exception  of  the  waste  feed 
components,  the  system  will  remain  entirely  operational.  Waste  feeds  will  not  be  restarted 
until  the  problem  that  caused  the  AWTCO  condition  has  been  resolved  and  all  operating 
permissives  are  achieved  (as  with  a  normal  start-iqi). 


A  discussion  of  die  proposed  AWFCO  parameters  follows.  The  actual  values  for  each  of 
these  parameters  may  vary  during  the  detailed  design  of  the  CBC. 

•  Combustion  Chamber  Temperature  -  The  combustion  chamber  temperature  is 
measured  by  a  shielded  thermocoiqile  located  in  die  CBC  bed  material.  Whoi 
the  combustion  chamber  temperature  falls  below  1500  ®F  or  rises  above  1700®F, 
the  red  water  feed  to  the  CBC  will  be  automatically  stopped. 

•  Maximum  Combustion  Cliamber  Pressure  -  To  prevent  fugitive  emissions,  if  the 
pressure  in  the  CBC  exceeds  minus  0.08  in.  w.c.,  as  measured  at  the  feed  port  in 
the  loop-seal,  all  waste  feeds  will  be  automatically  stopped. 

•  Combustion  Gas  Temperature  After  the  (^ench  -  The  quench  cools  and  saturates 
the  hot  gases  exiting  the  CBC.  This  prevents  damaging  the  bags  in  the  baghouse 
widi  hot  combustion  gases.  If  the  gases  leaving  the  quench  chamber  exceed 
450  ®F  or  the  filter  bag  manufacturer’s  recommended  temperature  limit,  the 
waste  feeds  will  be  automatically  stopped. 
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•  Combustion  Gas  Velocity  (CGV)  -  A  flow  sensor  located  in  the  stack  after  the 

I  fan  will  measure  the  CGV.  All  waste  feeds  will  be  automatically  stopped  if 
the  CGV  exceeds  3,500  acfin  on  a  lO-minute  rolling  average  basis. 

•  Carbon  Monoxide  -  CO  concentrations  are  measured  in  the  stack.  All  waste 
feeds  will  be  automatically  stopped  if  die  CO  concentration  exceeds  100  ppm  on 
a  1-hour  rolling  average,  corrected  to  7  percent  O2,  dry  basis. 

•  Additional  parameters  determined  during  detailed  design  and/or  preparation  of 
the  trial  bum  plan. 

17^.7  CombusUon  Gas  Monitoring  and  Air  Poliution  Control  System 

Combustion  Gas  Monitoring.  The  combustion  gas  is  continuously  monitored  for  CO  and 
O2  in  the  stack. 

Air  Pollution  Control  System.  In  the  APCS,  the  combustion  gases  are  partially  quenched 
and  ftltered  to  remove  particulates.  An  I J).  fan  maintains  sub-atmospheric  pressures  flirough- 
out  the  incineration  system  and  provides  the  motive  force  for  the  scmbber  system. 

The  major  equipment  components  that  comprise  the  air  pollution  control  system  include  the: 

•  Partial  quench 

•  Bagfaouse 

•  IJ3.  fan 

•  Stadc 

The  quench  column  uses  water  to  cool  the  combustion  gas  ftom  tiie  combustion  chamber 
temperature  to  approximately  400°F.  The  particulate  m  the  cooled  combustion  gases  are  dien 
removed  in  die  baghouse.  The  LD.  fan  provides  a  negative  draft  on  the  CBC  system  and 
pulls  the  combustion  gas  through  the  APCS. 

17.3  Start-Up  Test 

After  completion  of  the  constmction  of  the  CBC,  the  incinerator  will  be  started  on  auxiliary 
fuel.  The  CBC  start-iqi  operating  conditions  arc  presented  in  Table  17-1.  These  values  may 
be  modified  during  the  detailed  design  of  the  CBC. 
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Table  17-1 


Start-Up  and  Interim  Operating  Conditions 


Parameter 

Operating  Condition^ 

Group  A  Parameters 

Minimum  CBC  temperature 

1500°F 

Maximum  CBC  temperature 

1800“F 

Maximum  CBC  pressure 

-0.08  in.  w.c. 

Maximum  red  water  feed  rate 

1.5  gpm 

Maximum  combustion  gas  velocity  (10-minute  roiling  average) 

3,450  acfm 

Maximum  stack  gas  CO  concentration  (1-hour  rolling  average,  dry  b£tsis, 
corrected  to  7%  oxygen) 

100  ppm 

Group  B  Parameters 

POHC  incinerability  limits 

To  Be  Determined*’ 

Maximum  chlorine  feed  rate 

To  Be  Deteimined** 

Maximum  antimony  feed  rate 

To  Be  Determined*’ 

Maximum  arsenic  feed  rate 

To  Be  Determined*’ 

Maximum  barium  feed  rate 

To  Be  Determined*’ 

Maximum  beryllium  feed  rate 

To  Be  Determined*’ 

Maximum  cadmium  feed  rate 

To  Be  Determined*’ 

Maximum  chromium  feed  rate 

To  Be  Determined*’ 

Maximum  lead  feed  rate 

To  Be  Determined*’ 

Maximum  mercury  feed  rate 

To  Be  Determined** 

Maximum  silver  feed  rate 

To  Be  Determined** 

Maximum  thallium  feed  rate 

To  Be  Determined** 

Group  C  Parameters 

Maximum  combustion  gas  temperature  after  the  quench 

450®F 

^he  values  given  In  this  table  are  estinnates  that  may  vary  during  the  actual  trial  bum. 
n'o  be  determined  during  the  preparation  of  the  Trial  Bum  Plan. 
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Daring  the  start-iq)  of  the  CBC,  all  of  the  mechanical,  electrical,  instrumentation,  and  control 
systems  will  be  checked  for  conformance  with  the  design  and  warranty  specifications.  The 
specific  requirements  of  the  start-up  test  program  will  be  determined  during  the  CBC  detailed 
design. 

17.4  Shakedown  Testing 

After  the  completion  of  file  start-up  testing,  the  shakedown  testing  will  occur.  RCRA 
regulations  st^ulate  that  the  CBC  may  be  operated  on  red  water  for  up  to  720  hours  before 
the  trial  bum.  Therefore,  the  shakedown  testing  will  be  divided  into  two  types  of  tests:  tests 
that  can  be  conducted  cm  auxiliary  fuel  only  and  tests  that  require  the  combustion  of  the 
waste  stream  (red  water)  in  addition  to  die  auxiliary  fuel. 

17.4.1  Tests  to  be  Conducted  When  Operating  on  Auxiliary  Fuel  Only 

All  of  the  shakedown  testing  to  be  conducted  while  operating  on  only  auxiliary  fuel  should  be 
completed  before  red  water  is  fed  to  the  CBC.  The  following  operational  parameters  will  be 
studied  while  only  operating  on  auxiliary  fuel: 

•  Optimal  Bed  Depth  -  The  bed  depfii  is  measured  as  the  pressure  drop  across  file 
combustion  chamber.  The  greater  the  pressure  drop,  typically  measured  in  in. 
W.C.,  the  greater  the  bed  depth.  If  the  bed  depfii  is  too  low,  the  CBC  bed 
material  will  not  circulate  properly.  If  the  bed  depth  is  too  high,  greater  quan¬ 
tities  of  bed  materials  will  be  carried  over  to  the  APCS,  increasing  the  parti¬ 
culate  burden  to  fiie  APCS  and  requiring  frequmt  addition  of  firesh  bed  matf^riai 
to  the  combustion  chamber.  During  the  shakedown  testing,  file  impact  of 
variations  in  the  bed  depth  to  file  performance  of  the  CBC  and  the  APCS  will  be 
studied  and  the  optimum  qperaticnial  ranges  determined. 

•  Optimum  Gas  Velocity  in  file  CBC  -  The  gas  velocity  in  the  combustion 
chamber  of  file  CBC  will  be  studied.  If  the  gas  velocity  is  too  low,  the  CBC 
bed  material  will  not  circulate  properly.  If  the  gas  velocity  is  too  high,  greater 
quantities  of  bed  materials  will  be  carried  over  to  the  APCS,  increasing  the 
particulate  burden  to  the  APCS  and  requiring  fiequent  addition  of  fresh  bed 
material  to  the  combustion  chamber.  During  the  shakedown  testing,  the  impact 
of  variations  in  the  gas  velocity  to  the  performance  of  file  CBC  and  the  APCS 
will  be  smdied  and  the  optimum  opieradonal  ranges  determined. 
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•  Loc^eal  Perfonnance  -  Hie  peifonnance  of  the  loop-seal  at  varying  loop-seal 
fluidizing  are  flow  rates  will  be  assessed. 

•  Optimum  Air  to  Cloth  Ratio  in  the  Baghouse  -  By  closing  off  baghouse  bags  or 
a  baghouse  module,  the  air  to  clodi  ratio  in  the  baghouse  will  be  varied.  The 
impaa  of  die  variations  in  the  air  to  doth  ratio  on  baghouse  perfonnance  will  be 
determined. 

17.4^  Tests  to  be  Conducted  When  Operating  on  Auxiliary  Fuel  and  Red  Water 

The  following  parameters  will  be  studied  during  the  shakedown  testing  while  combusting  red 
water  and  auxiliary  fuel: 

•  CEM  Poformance  -  A  relative  accuracy  test  audit  (RATA)  will  be  conducted  on 
the  OEMs.  The  RATA  will  foUow  the  procedures  presented  in  40  CFE  60 
Appendix  B  and  Methods  Manual  for  Compliance  with  the  BIF  Regulations, 
EPA/530-SW-91-010. 

•  Appropriate  Bed  Material  Selection  -  The  optimum  bed  material  is  resistant  to 
abrasion  and  chemically  neutral.  Bed  materials  that  are  not  resistant  to  abrasion 
wiU  increase  the  particulate  burdoi  to  die  APCS  and  require  frequent  additions 
of  bed  material  to  the  CBC.  Bed  materials  that  are  not  chemically  inert  will 
chemically  combine  with  components  in  die  waste  feed  to  form  low  melting 
point  materials.  These  low  melting  point  materials  will  lead  to  the  solidification 
of  the  bed  material,  and  die  resulting  shutdown  of  die  CBC  for  removal  of  the 
aggregate  solid  bed  material.  During  die  shakedown  testing,  the  selected  bed 
material  will  be  tested  for  resistance  to  abrasion  and  the  formation  of  eutectic 
mixtures. 

•  Use  of  Limestone  to  Reduce  sulfur  dioxide  (SO2)  Emissions  -  During  die  start-up 
testing,  the  SO2  onissions  will  be  measured  and  compared  to  regulatory  criteria. 
If  the  SO2  emissions  are  greater  dian  the  regulatory  criteria,  then  the  impact  of 
limestone  addition  to  the  SO2  emissions  will  be  studied  and  a  decision  made  on 
whedier  to  add  limestone  to  the  bed  material  or  to  inject  lime  slurry  into  the 
quench.  The  quantity  of  limestone  or  lime  slurry  to  use  will  also  be  determined. 

•  System  Turndown  Capability  -  During  the  shakedown  testing,  the  ability  of  the 
CBC  to  operate  in  a  stable  maimer  at  varying  waste  feed  rates  will  be  studied. 
From  this  study,  die  minimum  waste  feed  rate  will  be  determined. 

•  Evaluate  System  Performance  -  The  abdiQ^  of  the  CBC  to  operate  and  the  trial 
bum  operational  limits  will  be  smdied  before  the  start  of  the  formal  trial  bum 
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•  Evaluate  System  Perfonnance  -  Hie  ability  of  the  CBC  to  operate  and  the  trial 
bum  operational  limits  will  be  smdied  before  the  start  of  the  fonnal  trial  bum 
program.  During  the  trial  bum,  the  operational  perfonnance  of  the  CBC  will  be 
compared  to  regulatory  and  warranted  performance  criteria.  Frmn  this  test,  the 
maximum  waste  feed  rate  will  be  determined. 


•  Precoadng  the  Baghouse  Bags  With  Lime  -  The  high  moisture  of  the  combustion 
gases  may  cause  poor  baghouse  operational  reliability.  A  test  will  be  conduaed 
to  determine  if  precoating  die  baghouse  bags  widi  lime  will  increase  the 
operational  reliability  of  die  baghouse. 


After  completion  of  the  shakedown  testing,  the  optimum  qprnming  conditions  and  the 
performance  limits  will  be  known. 

T7.5  PerfomaiKB  Testing 

The  performance  test  will  be  conducted  on  the  CBC  after  start-up  and  shakedown  testing  are 
completed.  During  the  performance  test,  the  CBC  will  be  tested  for  its  ability  to  meet 
regulatory  and  warranty  performance  requiremmits.  The  objective  of  the  performance  test  is 
to  obtain  data  that  will: 

•  Demonstrate  greater  than  99.99  percent  of  POHCs. 

•  Confirm  the  fate  of  POHCs  fed  to  the  CBC;  diQ^  are  eidier  destroyed  by  thermal 
oxidation  or  emitted  in  the  stack  gases,  ash  residues,  or  scrobber  water  purge 
stream. 

•  Demonstrate  that  the  emissions  of  carbon  monoxide  (CO)  ate  less  than  100  parts 
per  million,  volume,  (ppmv)  corrected  to  7  percoit  oxygen  (O2)  or,  if  die  stack 
gas  CO  is  greater  than  100  ppmv  corrected  to  7  percent  O2,  the  stack  gas 
concentrations  of  THC  do  not  exceed  20  ppmv. 

•  Demonstrate  control  of  particulate  emissions  to  less  than  0.015  grains  per  dry 
standard  cubic  foot  (gr/dscf)  corrected  to  7  percent  O2. 

•  Demonstrate  compliance  with  the  hydrodiloric  acid  gas  (HQ),  dilorine  (Q2), 
and  SO2  emission  standards. 

•  Determine  the  emission  rates  of  speciated  volatile  and  semivolatile  organics. 
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•  Demonstrate  compliance  with  the  metals  emissions  criteria. 

•  Determine  the  emission  rate  of  NQj^. 

•  Determine  the  stack  concentrations  of  O2,  CO,  and  THC. 

Provide  process  information  necessary  to  determine  the  suitability  of  the  CBC  in 
the  destruction  of  red  water. 


•  Demonstrate  compliance  wifliRCRA  and  other  regulatory  performance 

ments. 


requrre- 


17.5.1  Sampling  Locations  and  Procedures 

The  locations  where  liquid  and  gaseous  samples  are  collected  are  described  in  Table  17-2. 

The  sampling  equ^ent,  procedures,  frequency,  and  methods  for  collecting  samples  at  each 

point  are  summarized  in  Table  17-2.  Process  and  stack  gas  sampling  procedures  are  further 
described  in  the  following  section. 

During  the  performance  test,  the  stack  gases  will  be  sampled  for  the  constituents  listed  below 
with  the  indicated  sampling  trains: 

•  Metals  emissions  using  a  multi-metals  train  (MMT) 

•  POHCs  and  PICs  using  a  Modified  Method  5  (MM5)  sampling  train  and  a 
volatile  organic  sampling  train  (VOST) 


•  HCl/Cl2/i>articulate  using  an  EPA  Method  0050  (M0050)  sampling 


tram. 


The  CO,  Oj,  NO,,  ai^  SOj  concennatioiB  in  the  combnaion  gas  will  be  continuoiisly 

monitored  using  process  CEMs.  Tlie  stack  gas  win  also  be  analyzed  for  CO,  and  O,  by 

Orsat  analysis  during  eadi  run. 
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Performance  Test  Sample  Collection  Locations,  Equipment,  and  Methods 
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77.5.2  Analytical  Procedures 

The  analyses  planned  for  each  peifonnance  test  sample  are  listed  in  Table  17-3.  The  samples 
from  the  MMT  will  be  analyzed  for  antimony,  arsenic,  barium,  beryllium,  cadmium, 
chromium,  lead,  mercury,  silver,  and  thallium. 

The  samples  from  die  MM5  train  will  be  analyzed  for  the  compounds  listed  in  Table  17-4 
and  the  samples  from  die  VOST  will  be  analyzed  for  the  compounds  listed  in  Table  17-5. 

17.5.3  Performance  Test  Protocol 
17.5.3.1  Waste  Characterization 

Red  water  is  the  aqueous  effluent  generated  during  sellite  purification  of  crude  TNT.  Red 
water  has  a  deep  red,  or  sometimes  black,  color  and  is  a  complex  and  somewhat  variable 
mixture  of  solid  inorganic  salts  and  nitrobodies  in  water.  Dqiending  on  the  TNT  production 
process  and  the  degree  of  water  recycle  use,  red  water  generally  contains  15  to  30  percent 
solids,  has  a  pH  of  7  to  9.7,  a  heat  content  of  487  Btu/lb,  and  a  specific  gravity  of  1.1. 
Approximately  one-half  of  die  solids  are  inorganic  salts  and  the  rest  are  nitrobodies.  The 
typical  chemical  ccmiposition  of  the  red  water  solids  is  presented  in  Table  17-6.  Hie 
elemental  composition  of  the  red  water  is  presented  in  Table  17-7. 

1 7.5.3 JS  Target  Operating  Conditions 

The  target  operating  conditions  during  the  performance  test  are  presented  in  Table  17-8  and 
described  below. 

CBC  Temperature.  The  target  CBC  temperature  is  presented  in  Table  17-8. 

Combustion  Chamber  Pressure.  The  maximum  combustion  chamber  pressure  is 
presented  in  Table  17-8. 

Red  Water  Waste  Feed  Rate.  The  target  liquid  waste  feed  rates  for  die  performance  test 
are  presented  in  Table  17-8.  If  red  water  is  not  available  during  the  performance  test,  a 
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Table  17-4 


Summary  of  Semivolatile  Compounds  for  Analysis^ 


Phenol 

1.3- Dichlorobenzene 
1 ,2-Dichlorobenzene 
Hexachloroethane 
Nitrobenzene 

2.4- Dimethylphenol 

2.4- Dichlorophenoi 
4-Chloroaniiine 

2- Methylnaphthalene 

2,4,5-Trichlorophenol 
Dimethyl  phthalate 

3- Nitroaniline 

4- Nitrophenol 
Diethyl  phthalate 
4-Nitroaniline 
Benzo(g,h,i)perylene 
Phenanthrene 
Fluoranthene 
3,3’-Dichlorobenzicfine 
bis(2-Ethylhexyt)phthalate 
Benzo(k)fluoranthene 
Dibenzo(a,h)anthracene 


bis(2-Chloroethyi)ether 

1 .4- Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropyl)ether 
Isophorone 

Benzoic  add 

1 .2.4- Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocydopentadiene 
2-Chloronaphthalene 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 

4-Chlorophenyl-phenylether 

4,6-Dinitro-2-methylphenol 

Hexachlorobenzene 

Anthracene 

Pyrene 

Benzo(a)anthracene 

Di-n-octylphthalate 

Benzo(a)pyrene 

4-Bromophenyl-phenylether 


2-Chlorophenol 
Benzyl  alcohol 
4-Methyiphenol 
N-Nitroso-di-n-propylamine 
2-Nitrophenol 

bis(2-Chloroethoxy)methane 

Naphthalene 

4-Chloro-3-methylphenol 

2.4.6- Trichlorophenol 
2-Nitroaniline 

2.6- Dinitrotoluene 

2.4- Dinitrophenol 

2.4- Dinitrotoluene 
Fluorene 

N-Nitrosodiphenylamine  (1) 
Pentachlorophenol 
Di-n-butylphthalate 
Butyl  benzyl  phthalate 
Chrysene 

Benzo(b)fluoranthene 
lndeno(1 ,2,3-cd)pyrene 


^his  list  is  the  Semivolatile  Target  Compound  List  (TCL)  for  EPA’s  Contracts  Laboratory  Program. 
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Table  17-5 


Summary  of  Volatile  Compounds  for  Analysis* 


Chloromethane 

Chloroethane 

Cartx>n  disulfide 

1,1-Dichloroethane 

2-Butanone 

Vinyl  acetate 

cis-1 ,3-Dichloiopropene 

1 ,1 ,2-Trichloroethane 

Bromoform 

Tetrachloroethane 

Chlorobenzene 

Xylene  (total) 


Bromomethane 
Methylene  chtoride 

1.1- DichbrDethene 
Chloroform 

1.1.1- TrichlorDethane 
Bromodichloromethane 
Trichloroethene 
Benzene 

4-Methyl-2-Pentanone 

1 ,1 ,2.2-Tetrachloroethane 
Ethyl  benzene 


Vinyl  chloride 
Acetone 

1.2- Dichloroethene  (total) 
1,2'Oichloroethane 
Carbon  tetrachloride 

1 .2- Dichloropropane 
Dibromochloromethane 
trans'1 ,3-DichioropiDpene 
2-Hexanone 

Toluene 

Styrene 


^his  list  is  the  Volatile  Target  Compound  List  (TCL)  for  EPA’s  Contracts  Laboratory  Program. 
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Table  17-6 


Composition  of  Red  Water  Soiids 


Parameter 

Weight  Percent 

Irwrganic  Salts 

NasSOg  •  Na2S04 

32.3 

NaN02 

11.2 

NaNOg 

1.5 

SUBTOTAL 

55 

Nitrotxxiies 

Sodium  sulfate  of  2,4,5-TNT 

22.7 

TNT-seilite  complex 

16.2 

Sodium  sulfonate  of  2,4,3-TNT 

7.6 

Sodium  sulfonate  of  2,3,4-TNT 

2.0 

2,4,6-TNBA 

1.0 

White  compound  sodium  salt 

1.0 

TNBAL 

1.0 

TNBOH 

1.0 

Sodium  nitroformats 

2.5 

SUBTOTAL 

55.0 
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Table  17-7 


Red  Water  Elemental  Composition 


Parameter 

Value 

Carbon 

3  Percent 

Hydrogen 

0.1  Percent 

Oxygen 

3.15  Percent 

Nitrogen 

0.95  Percent 

Water 

85  Percent 

Chlorine 

0.00  Percent 

Sulfur 

0.65  Percent 

Ash 

7.15  Percent 
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Table  17-8 


Performance  Test  Operating  Conditions 


Operating 

Condition^ 

Parameter 

Test  1 

Test  2 

CBC  temperature 

1,500®F 

1,700°F 

Combustion  chamber  pressure 

<  -0.08  in.  w.c. 

<  -0.08  in.  w.c. 

Red  water  feed  rate 

1.5  gpm 

1.5  gpm 

CBC  auxiliary  fuel  flow 

180  b/hr 

180  b^hr 

Combustion  gas  velocity  (10  minute  rolling  average) 

3,500  acfm 

3,500  acfm 

®  The  values  given  In  this  table  are  estiniates  that  rhay  vary  during  the  actual  perfomrance  test.  Test  1  is 
the  low  temperature  ORE  and  organic  PIC  emissions  tests.  Test  2  is  the  high  temperature  metals  test. 
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suirogate  waste  will  be  used.  The  composition  of  the  proposed  surrogate  waste  stream  is 
presented  in  Table  17-9. 

CBC  Auxiliary  Fuel  Flow.  Auxiliary  fuel  will  be  used  as  required  to  maintain  the  GBC 
temperature.  No  permit  limits  for  auxiliary  fuel  are  antic^ated. 


Combustion  Gas  Veirtcity.  The  target  combustion  gas  velocity  is  presoited  in  Table  17-8. 

POHC,  Metals,  and  Chlorine  Feed  Rate.  The  target  organic  chlorine,  POHC,  and  EPA 
regulated  metals  feed  rates  will  be  detramined  during  the  prq>aration  of  the  trial  bum  plan. 

Performance  Test  Results.  A  performance  test  rqx>rt  will  be  prepared  and  submitted 
widiin  90  days  of  completion  of  the  performance  test.  The  performance  test  report  will 
address  each  of  die  following  tc^ics: 

•  Quandtadve  analysis  of  POHCs  in  the  waste  feed  -  The  total  POHCs  in  the 
waste  feeds  will  be  calculated  and  reported  for  each  performance  test  run. 

•  Quantitative  analysis  of  POHCs,  HQI/aj,  metals,  and  PICs  in  the  exhaust  gas  - 
The  concraitradons  and  mass  emission  rates  of  POHCs,  HCI/CI2,  metals,  and 
PICs  in  the  exhaust  gas  will  be  calculated  and  reported  for  each  performance  test 
run. 

•  Computation  of  DRE  -  DRE  will  be  calculated  and  rq>orted  for  each  designated 
POHC  based  on  the  total  POHC  in  the  waste  feeds  and  die  POHC  mass  ftmicsinn 
measured  in  the  stack  gas. 

•  Computation  of  HQ  removal  efficiency  -  HCl  removal  efficient^,  based  on  the 
total  organic  chlorine  in  the  waste  feeds  and  the  HCl  mass  emission  measured  in 
the  .stack  gas,  will  be  calculated  and  rqported  for  each  poformance  test  run. 

•  Computation  of  particulate  emissions  -  The  concoitration  of  particulate  in  die 
exhaust  gas,  corrected  to  7  p>ercent  O2,  dry  basis,  will  be  calculated  and  reported 
for  each  performance  test  run. 

•  Identification  of  fugitive  emissions  -  The  performance  test  report  will  include  a 
discussion  of  fugitive  emissions  observed  during  the  performance  test.  If 


By:  PO 
Checked:  PA 
Approycd:  PA 
Date:  02A)6y95 


Pexfonnance  Test  Flaa  Axea  No.: 

rr  PQE  Area  Name:  All  Azeas 

Knoxville,  Tennessee 

Rev.  No.  (0)  (1)  Page:  10  of  16 


Table  17-9 


Surrogate  Red  Water  Composition 
(15  percent  solids  in  red  water) 


Paramater 

Weight  Percent 

3,5-Dinitrobenzoic  acid 

7.8  Percent 

Water 

85  Percent 

Na^SOg 

2.6  Percent 

Na2S04 

2.6  Percent 

NaNO^ 

1 .8  Percent 

NaNOs 

0.2  Percent 
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fugitive  emissions  are  observed,  how  die  fugitive  emissions  were  brought  under 
control  or  will  be  controlled  in  the  future  will  be  discussed. 

•  Tonperatures  and  combustion  gas  velocity  -  The  perfonnance  test  report  will 
include  a  process  parameter  summary  of  the  poformance  test  operating  condi¬ 
tions,  including  c^radng  temperatures  for  the  combustion  chambers  and  the 
stack  gas  combustion  gas  velocity. 

•  CEM  measurement  of  CO,  O2,  and  THC  -  CEM  measurements  of  CO,  CO2,  O2, 
THC,  and  NO^^  concentrations  in  the  stack  gas  will  be  provided  in  the  perfor¬ 
mance  test  report.  Calibration  records  for  the  CEM  monitors  will  also  be 
included. 

•  Other  relevant  performance  test  data  -  The  performance  test  rqwit  will  include 
an  incinoation  system  process  parameters  summary  and  other  relevant  data 
required  by  40  CFR  264.102  and  to  demonstrate  compliance  with  performance 
warranties. 

17.53.3  Proposed  Permit  Operating  Conditions 

The  proposed  permit  operating  condidcms  are  presented  in  Table  17-10.  These  values  may  be 
modified  during  the  detailed  design  of  the  CBC  or  the  performance  test. 


Group  A  Parameters.  The  Group  A  parameters  will  be  continuously  monitored  and  inter¬ 
locked  with  the  AWFCO.  These  parameters,  except  for  the  ones  indicated,  will  be 
demonstrated  during  the  performance  test  and,  therefore,  will  be  disconnected  during  the 
perfonnance  test. 

•  Minimum  CBC  Temperature  -  The  proposed  TniniTnntn  CBC  temperature  is  pre¬ 
sented  in  Table  17-10.  This  value  will  be  the  average  value  demonstrated  during 
Test  1,  the  low  temperature  DRE  and  PIC  demonstradon  tests. 

•  Maximum  CBC  Temperature  -  The  proposed  maximum  CBC  temperature  is 
presented  in  Table  17-10.  This  value  will  be  the  average  value  demonstrated 
during  Test  2,  die  high  temperature  metals  emissions  test 

•  Combustion  Chamber  Pressure  -  To  prevait  fugitive  emissions,  the  CBC  will  be 
maintained  at  a  lower  pressure  than  the  value  listed  in  Table  17-10.  This  value 
is  based  iqxm  engineering  judgement  and  will  not  be  demonstrated  during  the 
performance  test. 
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Table  17-10 


Proposed  Permit  Operating  Conditions 


Parameter 

Operating  Condition® 

Group  A  Parameters 

Minimum  CBC  temperature 

1,500*F 

Maximum  CBC  temperature 

1.700°F 

Maximum  CBC  pressure 

-0.08  in.  w.c. 

Maximum  red  water  feed  rate 

1 .5  gpm 

Maximum  combustion  gas  velocity  (10-minute  rolling  average) 

3,450  acfm 

Maximum  stack  gas  CO  concentration  (1-hour  rolling  average,  dry  basis, 
corrected  to  7%  oxygen) 

100  ppm 

Group  B  Parameters 

POHC  incinerability  limits 

To  Be  Determined*’ 

Maximum  chlorine  feed  rate 

To  Be  Determined*’ 

Maximum  antimony  feed  rate 

To  Be  Determined*’ 

Maximum  arsenic  feed  rate 

To  Be  Determined*’ 

Maximum  barium  feed  rate 

To  Be  Determined*’ 

Maximum  beryllium  feed  rate 

To  Be  Determined*’ 

Maximum  cadmium  feed  rate 

To  Be  Determined** 

Maximum  chromium  feed  rate 

To  Be  Determined*’ 

Maximum  lead  feed  rate 

To  Be  Determined** 

Maximum  mercury  feed  rate 

To  Be  Determined*’ 

Maximum  silver  feed  rate 

To  Be  Determined** 

Maximum  thallium  feed  rate 

To  Be  Determined*’ 

Group  C  Parameters 

Maximum  combustion  gas  temperature  after  the  quench 

450‘*F 

^The  values  given  in  this  table  are  estimates  that  may  vary  during  the  actual  trial  bum. 
'To  be  determined  during  the  preparation  of  the  Trial  Bum  Plan. 
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•  Red  WatCT  Feed  Rate  -  The  maximiun  red  watCT  feed  rate  is  presented  in  Table 
17-10  and  will  be  die  maximum  average  value  demonstrated  during  Test  1. 

•  Combustion  Gas  Velocity  -  The  proposed  maximum  combustion  gas  velocity  is 
presented  in  Table  17-10.  The  combustion  gas  velocity  is  an  indication  of 
residence  time  in  the  CBC,  which  is  related  to  DRE.  Therefore,  the  maximum 
combustion  gas  velocity  will  be  the  maximum  average  value  demonstrated 
during  Test  1  of  the  performance  test.  A  10-minute  rolling  average  is  proposed 
for  this  value,  to  prevent  spurious  AWFCOs. 

•  Stack  Gas  CO  Concentration  -  The  proposed  maximum  stack  gas  CO  concentra¬ 
tion  is  presented  in  Table  17-10.  This  permit  limit  will  be  a  l-hour  rolling 
average,  dry  basis,  and  corrected  to  7  percent  O2.  The  maximum  stack  gas  CO 
concentration  will  not  be  demonstrated  during  the  performance  test 

Group  B  Parametors.  The  Group  B  parameters  will  not  be  continuously  monitored  and 
will  not  be  interlocked  with  the  AWFCO  system.  Operating  records  will  be  maintained  to 
demonstrate  compliance  with  these  permit  limits. 

•  POHC  Incinerability  Limits  -  The  POHC  incinerabili^  limit  will  be  based  on  the 
POHCs  selected  during  the  trial  bum  plan  preparatioit 

•  Maximum  Chlorine  Feed  Rate  -  The  maximum  feed  rate  of  chlorine  will  be  the 
average  value  demonstrated  during  Test  1,  the  low  temperature  DRE  and  PIC 
demonstration  tests. 

•  Metals  Feed  Rate  -  The  maximum  feed  rate  for  antimony,  arsenic,  barium,  beryl¬ 
lium,  cadmium,  duomium,  lead,  mercury,  silver,  and  thallium  will  be  Hf!ttmmin«»H 
during  die  prqiaration  of  the  trial  bum  plan. 

Group  C  Parameters.  The  limits  on  Group  C  parameters  are  based  on  manufacturers’ 
design  and  operating  -qiecifications.  Group  C  parameters  do  not  have  to  be  continuously 
monitored  and  do  not  have  to  be  cormected  to  the  AWFCO  system. 

•  Combustion  Gas  Tonperature  After  the  Quench  -  To  protect  the  equ^ent  after 
the  quench,  the  maximum  gas  temperature  after  die  quench  will  be  lifted  to  the 
value  presented  in  Table  17-10. 
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17.5.3.4  POHC  Selection  Rationale 

During  the  prqiaiation  the  trial  bum  plan,  the  POHCs  will  be  selected. 

17.5.3.5  Approach  to  Compliance  with  Metals  Emission  Limits 

During  the  piepaiarion  of  the  trial  bum  plan,  the  qjproach  to  demonstrating  compliance  with 
the  metals  emission  limits  will  be  prepared. 

17.5.4  Performance  Test  Organization  and  Responsibilities 

The  performance  test  will  be  conducted  by  personnel  who  are  experienced  in  testing  hazard¬ 
ous  waste  incinerators. 

1 7.5.4. 1  Incinerator  Project  Manager 

The  incinerator  project  manager  win  be  responsible  for  aU  operational  aspects  of  the  test.  His 
responsibilities  include: 

•  Preparing  the  CBC  for  die  performance  test 

•  Prqiaring  waste  feed  materials  for  the  performance  test 

•  Operating  die  CBC  at  planned  test  conditions 

•  Providing  aU  CBC  process  data  as  required  by  the  performance  test 

•  Coordinating  incinerator  operation  with  the  test  team  activities  through  com¬ 
munication  with  the  performance  test  project  manager 

•  Acting  as  a  liaison  between  the  regulatory  observers  and  the  performance  test 
manager. 

17.5.4.2  Performance  Test  Project  Manager 

The  performance  test  |soject  manager  will  be  responsible  for  implementing  and  coordinating 
all  aspects  of  the  performance  test.  His  responsibilities  during  die  project  will  include: 

•  Implementing  the  performance  test  plan 

•  Implementing  the  quality  assurance  project  plan  (QAPP) 
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•  Prq)anng  and  implementing  a  site  H&S  plan 

•  Coordinating  incinerator  operations  and  test  activities  widi  faciU^  operators  and 
the  sampling  team 

•  Monitoring  incinerator  operations  to  verify  conformance  with  the  performance 
test  objectives. 

•  Acting  as  the  focal  point  for  communications  between  die  sampling  team,  CBC 
operating  team,  and  regulatory  observers  during  die  execution  of  the  performance 
test  program 

•  Deciding  when  a  sampling  nm  will  be  started,  intem^ited,  or  completed. 

17.5.4.3  Quality  Assurance  Officer 

Hie  quality  assurance  officer’s  responsibilities  during  the  perfoimance  test  program  will 
include: 

•  Assisting  in  preparation  and  implonentation  of  die  QAPP 

•  Providing  independent  data  review,  bodi  operational  and  analytical 

•  Making  recommendations  to  the  performance  test  project  manager  if  problems 
are  encountered 

•  Verifying  that  ^ropriate  corrective  actions  are  taken  if  any  problems  occur 

•  Reporting,  and  discussing  quality  assurance/quali^  control  (QA/QC)  activities, 
data,  and  results  for  inclusion  in  the  performance  test  report. 

17.5.4.4  Field  Analytical  Coordinator 

The  field  analytical  coordinator  reports  to  the  performance  test  project  managw  with  tin^g  of 
communication  to  the  QA  officm:.  The  field  analytical  coordinator’s  responsibilities  will 
include: 

•  Preparing  and  shipping  sampling  equipment,  chemicals  reagents,  and  containers 
to  the  test  site 

•  Assigning  and  recording  sample  numbers 
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•  Directing  and/or  pardc^ating  in  sampling  activities 

•  Overseeing  sample  preservation  in  the  field 

•  Documenting  sampling  activities  in  a  field  logbook 

•  Prq>aring  samples  for  shqiment  to  the  laboratory 

•  Carrying  out  assigned  QA/QC  duties 

•  Preparing  a  complete  sampling  rqxjrt  for  inclusion  in  the  performance  test 
report. 

17.5.4.5  Labontory  Analysis  Coordinator 

The  laboratory  analysis  coordinator  reports  to  the  performance  test  project  manager  with  lines 
of  communication  to  the  QA  officer.  His  re^nsibilities  will  include: 

•  Coordinating  ^cialized  field  sampling  documentation  (request  for  analysis 
forms,  sample  collection  sheets,  etc.) 

•  Initiating  chain-of-custotfy  records 

•  Receiving,  verifying,  and  documarting  that  incoming  field  samples  correspond  to 
the  chain-of-custo<fy  records 

•  Maintaining  records  of  incoming  samples 

•  Tracking  samples  through  processing,  analysis,  and  disposal 

•  Preparing  project-specific  QC  samples  for  analysis  during  the  project 

•  Verifying  that  laboratory  and  analytical  procedures  are  being  followed  as 
specified  in  the  QAPP 

•  Reviewing  QC  and  sample  data  and  determining  if  additional  samples  or  rqreat 
analyses  are  needed 

•  Submitting  certified  quality  control  and  sample  analysis  results  to  tire  perfor¬ 
mance  test  project  manager  for  all  analyses  requested  for  diis  test  program 

•  Archiving  storage  of  analytical  data 
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•  Prq)armg  a  complete  analytical  iqxirt  for  inclusion  in  the  peifonnance  test  final 
report. 

17.5.4.6  Stack  Sampling  Coordinator 

The  stack  sampling  coordinator  duties  will  rqxnt  to  the  performance  test  project  manager  and 
have  lines  of  communication  to  the  QA  officer.  The  stack  sampling  coordinator’s  req>on- 
sibilities  will  include: 

•  Working  with  site  persoimel  to  obtain  sampling  locations  and  platform  faciHrifis 
that  are  appropriate  for  the  planned  stack  sampling  activities 

•  Directing  stack  sampling  activities 

•  Coordinating  stack  sample  beginning  and  ending  times  with  the  performance  test 
project  manager 

•  Notifymg  the  performance  test  project  manager  of  any  inteiruptitms  in  the 
sampling  activities  and  recommending  corrective  actions  if  necessary 

•  Recording  field  test  data  required  by  the  performance  test  plan 

•  Recording  and  transferring  all  pofcmnance  test  and  QC  samples  to  the 
laboratory  analysis  coordinator  or  his  designee 

•  Prq>aring  a  thoroughly  documented  stack  sampling  report  for  inclusion  into  the 
final  performance  test  report. 

17.6  Air  Pollution  Control  Equipment  Operation 

A  complete  descr^tion  of  the  ARCS  equqnnent  operation  is  presented  in  Section  2.7.  The 
anticipated  operating  conditions  during  routine  operation  of  the  CBC  are  summarized  in  Table 
17-11.  The  system  temperatures,  flow  rates,  and  pressure  drops  will  vary  over  a  nnrmal  range 
during  routine  opCTation,  and  these  fluctuations  are  expected  to  occur  during  die  performance 
test. 
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Table  17-11 


Air  Pollution  Control  System  Operating  Ranges 


Parameter 

Typical  Operating  Range 

Combustion  Gas  Temperature  After  Quench 

400-450®F 

Quench  Water  Flow  Rate 

2.0-3. 1  gpm 

Quench  Atomizing  Air  Row  Rate 

100-170  acfm 

Combustion  Gas  Velocity 

2,500-3,450  acfm 
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LOCATION:  Aberdeen  Proving  Ground,  Maryland 

18.0  Bench-Scale  Testing 

18. 1  Overview  and  Summary  of  Key  Findings 

Red  water,  a  waste  stream  from  the  manufactoie  of  TNT,  contains  between  15  and  30  parent 
solids,  of  which  about  45  percent  are  sodium  salts  and  55  percent  are  sulfonated  derivatives 
of  TNT  isomers.  It  is  andc^ated  that  treatmoit  of  red  water  in  circulating  or  fluid-bed 
combustors  will  result  in  a  buildirp  of  molten  sodium  on  the  bed  material.  Ihis  buildup  will 
have  a  toidency  to  cause  common  bed  materials  such  as  silica  sand  to  agglomerate.  Molten 
sodium  causes  bed  paitides  to  agglomnate,  which  increases  the  effective  particle  size  and 
decreases  the  fluidization  and  dampening  of  effectiveness  of  incineration,  resulting  ultimately 
in  failure  of  system. 

This  document  presents  die  results  of  an  initial  treatability  study  using  a  surrogate  red  water 
solution,  to  further  evaluate  this  potential  problem.  Actual  red  water,  whidb  is  a  RCRA- 
regulated  hazardous  waste,  was  not  available  foi  testing.  Therefore,  a  laboratory  prepared 
surrogate,  which  is  not  RCRA  regulated,  was  used. 

The  testing  utilized  a  bench-scale,  4-inch  fluid  bed  system.  The  tests  focused  on  agglom¬ 
eration  toidencies  of  two  bed  materials  using  surrogate  red  water  was  prqiaied  to  simulate 
concentrations  of  15  and  30  percent  solids.  In  addition,  the  test  data  may  be  used  to  evaluate 
the  combustion  efficiency  and  the  nitrogen  oxide  (NO^)  and  sulfur  oxide  (SO^)  levds 
generated. 

The  key  findings  of  the  tests  are  that  die  fluid  bed  ag^omerated  at  a  bed  temperature  of  745 
to  804°C  (1373  to  1840^  irrespective  of  the  bed  material;  die  bed  material  purge  rate  was 
maintained  high  to  minimize  salt  concentration  in  the  fluid  bed;  NO^  generation  indeed  was 
high  primarily  due  to  the  salt  (sodium  nitrate  and  sodium  nitrite)  present  in  the  red  water, 
limestone  addition  to  the  bed  was  not  required  due  to  die  generation  of  low  levels  (sulfur 
dioxide  (SO2);  carbon  monoxide  (CO)  and  total  hydrocarbon  (THC)  concentrations  reduced  as 
die  bed  temperatures  increased;  and  salt  prec^itadon  in  the  surrogate  red  water  solution  was  a 
challenge. 
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18^  Test  Procedures  and  Observations 
182.1  Test  Objectives 

The  objective  of  these  tests  was  to  evaluate  bed  agglomeration  associated  with  circulating  bed 
incineration  of  red  water.  Due  to  the  presence  of  salts  in  the  red  water,  a  tendency  for  bed 
material  to  agglomerate  may  exist.  Based  on  the  stoify  presented  in  Ch^ter  3.0,  several 
materials  were  evaluated  for  their  use  in  fluidized  beds.  These  materials  include  alumina, 
zircon,  clay,  limestone,  dolomite,  gypsum,  coal  ash,  and  blast  furnace  slag.  At  tiiis  time,  the 
two  most  promising  bed  materials  are  alumina  and  zircon  sand  witii  limestone  as  an  additive 
for  acid  gas  absorption.  The  test  program  evaluated  agglomeration  of  sodium  salts  on  these 
materials. 

1822  Waste  Characterisdcs 

Because  actual  red  water  was  not  available  for  testing,  a  suirogate  material  was  used  for  the 
test  program.  Several  surrogate  materials  such  as  nitrobenzene,  dinitrobeuzene,  and  3,5- 
dinitrobenzoic  acid  were  considered  as  potential  candidates.  The  primary  criteria  for  tire 
selection  of  the  surrogate  material  are  the  toxicity  of  the  material  itself  and  the  carbtm  to 
nitrogen  dioxide  (NO2)  (C:N02)  ratio  to  be  as  dose  to  2,4,6-TNT,  tire  primary  component  of 
the  actual  red  water.  3,5-Dinitrobenzoic  acid  substimted  for  tire  2,4,6-TNT  because  this 
material  is  the  least  toxic  of  aU  tire  materials  considered  and  this  compound  has  a  C:N02  ratio 
of  2.3,  which  is  the  same  for  tire  2,4,6-TNT.  The  components  that  were  used  to  prepare  the 
surrogate  red  water  are  listed  in  Table  18-1.  The  antic^ated  elemental  composition  of  tire 
surrogate  red  water  is  presemed  in  Table  18-2.  The  average  heating  value  of  tire  red  water 
and  for  tire  surrogate  red  water  is  487  Btu/lb  and  479  Btu/lb,  req)ectively. 

A  sufficient  quantity  of  surrogate  red  water  was  prq>ared  to  allow  2  days  of  testing  (8 
hours/day)  at  a  feed  rate  of  qiproximately  1.0  liter/hour.  Two  tests  were  conducted  using 
surrogate  red  water  with  15  percent  solids,  and  two  tests  were  to  be  conducted  using  surrogate 
red  water  with  30  percent  solids.  The  15  percent  solids  test  case  is  the  design  basis  for  the 
pilot-scale  unit  and  the  30  percent  solids  test  case  is  the  worst-case  concentration  from  a  salt 
concentration  and  thermal  irput  view  point. 
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Table  18-1 


Anticipated  Composition  of  Two  Surrogate  Red  Water  Matrices 


Component 

Solids  Concentration^ 

15%  Solids  Matrix 

30%  Solids  Matrix 

Water 

85 

70 

3,5-Dinftrobenzoic  add 

7.8 

15.7 

Sodium  Sulfite 

2.6 

5.1 

Sodium  Sulferte 

2.6 

5.1 

Sodium  Nitrite 

1.8 

3.6 

Sodium  Nitrate 

0.2 

0.5 

Total 

100 

100 

^Percent  by  weight 
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Anticipated  Eiemental  Composition  of  the  15%  and  30%  Solids  Surrogate  Red  Water  Matrix 
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Of  the  15  percent  solids,  sodium  salts  accounted  for  7.2  percent  and  the  balance  of  7.8 
percent  was  die  surrogate  compound,  3,5-dinitrobenzoic  acid.  Initially,  a  salt  solution  was 
prepared  by  dissolving  known  quantities  of  salts  (refer  to  Tables  18-1  and  18-2  of  test  plan) 
in  water. 

When  the  dinitrobenzoic  acid  was  slowly  added  to  the  salt  solution,  in  a  stirred  ccmtainer, 
brownish  colored  dunes  w«e  generated.  The  brownish  colored  fumes  are  due  to  die 
formation  of  NO2  due  to  die  following  reaction: 

NO^  +  c  “  — >  NO2  {brown)  +  H2O 

To  avoid  fuming,  dinitiobenzoic  add  was  neutralized  externally  by  one  normal  caustic 
solution  and  die  resultant  soluticm  was  mixed  with  the  salt  solution.  Neutralizaticm  of  die 
benzoic  solution  prior  to  its  blending  with  the  salt  solution  produced  the  reaction  bdow 
as  evidenced  by  the  lack  of  brown  fumes: 

R-COOH  +  NaOH  -^R-COO  ~  Na*  +  H2O 

Although  fuming  was  avoided,  some  undissolved  salts  prec^itated  at  the  bottom  of  the  feed 
container.  As  the  testing  continued,  die  feed  solution  changed  its  color  (from  deep  red  to 
brown)  iqion  exposure  to  ambient  air  and  more  salt  prec^utation  occurred.  Due  to  die 
challenges  discussed  above,  a  solution  containing  30  percent  dissolved  solids  was  not 
prqpared. 

Red  water  is  thou^t  to  derive  its  color  fr<nn  sulfonate  adducts  of  the  various  trinitrotoluene 
isomers  diat  are  formed  when  sodium  sulfite  is  added  to  the  TNT  during  the  purification 
processes.  The  sulfite  reacts  with  die  isomers  of  TNT  (but  not  2,4,6-TNT)  and  forms  the 
sulfonate  adducts  diat  are  easily  separated  from  the  process  during  product  crystallization. 

The  sulfonate  compounds  are  sufficiendy  soluble  to  allow  separation  of  them  from  2,4,6-TNT 
with  washings.  Solutions  of  these  washings  are  die  sodium  salts  of  die  organic  sulfonates  and 
are  characteristically  red  in  color.  This  same  red  color  is  observed  in  die  surrogate  red  water 
mixture  used  in  die  test.  The  color  is  tpparendy  due  to  die  formation  of  benzoic  acid 
sulfonate.  Howevar,  the  red  color  formed  initially  upon  mixing  the  components  of  the  red 
water  surrogate  slowly  degrades  to  a  brown  colored  solution.  The  disappearance  of  the 
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characteiistic  red  color  indicates  that  the  nitrosulfonate  derivative  has  probably  further  reaaed 
to  fonn  a  sulfone  and  can  probably  be  abated  with  the  use  of  an  elevated  pH; 

R-SO^  -  Na  R-SO2  J'  {brawn  or  yellow)  +  NaOH 

This  reaction  scheme  should  be  regarded  as  tentative,  but  will  be  useful  in  the  continuing 
consideration  of  the  testing  of  this  mixture  as  an  ^>propiiate  suirogate  for  red  water. 

Because  the  presence  of  undissolved  salts  in  the  feed  solution  caused  plugging  problems  in 
the  feed  tubing  and  increased  ag^omeradon  potential  during  testing,  it  is  recommended  that 
the  actual  red  water  containing  no  suspended  salts  be  used  during  pilot-scale  testing. 

18J13  Test  Equ^ment 

The  test  unit  (Drawing  No.  D-CXMXl-OS)  was  a  4-inch-diameter,  bench-scale,  fluid-bed  reactor 
which  ^roximatdy  simulates  a  CBC.  The  tests  were  conducted  at  Hazen  Researdi  facility 
at  Golden,  Colorado  on  February  22  and  23,  1995.  The  bench-scale  combustor  was  an 
existing  unit  that  has  beat  used  in  several  similar  research  efforts.  This  fluid  bed  cmnbustor 
has  been  shown  to  be  a  reasonable  simulation  of  a  CBC  unit.  The  exhaust  gas  passed 
through  a  cydone  and  a  bag  house  for  particulate  collection  and  into  a  caustic  scrubber  for 
acid  gas  ctq>ture.  A  sl^  stream  of  tiie  exhaust  gas  was  sent  to  a  CEM  nnit  for  anal3rsis  of  gas 
composition.  Concentrati<ms  of  O2,  COj,  CO,  SO^^,  NO^^,  and  THC  were  measured  l^  the 
CEM. 

18^.4  Feed/Ash/Stack  Gas  Sampling  and  Analysis  Plan 

The  surrogate  red  water  was  prepared  using  commercial-grade  matp»riaig  per  flie  red^ 
presented  in  Table  18-1.  Bed  overflow  (adi)  samples  were  collected  for  particle  size  distribu¬ 
tion  and  sodium  analyses.  The  bed  material  from  each  test  was  sampled  and  analyzed  for 
mineralogy.  The  sample  analysis  and  analysis  procedures  for  the  tests  are  presented  in  Table 
18-3.  The  stack  gas  was  analyzed  for  Oj,  COj,  CO,  NO^^,  SO^,  and  THCs.  Based  on  discus¬ 
sions  in  Chqjter  3.0,  NO^^  emissicms  may  be  high  due  to  the  conversion  of  "nitro"  molecules 
into  NOjj.  During  die  testing,  the  stack  gas  was  observed  for  visible  (brown  to  red  color) 

NOjj  emissions.  Table  18-4  presents  the  model  numbers  and  ranges  for  the  CEM  analyzers. 
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Drawing  No.  D-OO-OO-03  U-Inch  Fluid  Bed  Reactor 


Table  18-3 


Sample  Analysis  Procedures 


Sample  Matrix 

Determination 

Procedure 

Surrogate  Red  Water 

Elemental  Composition 

Mathematical  Calculation^ 

Ruid  Bed  Overflow  Material 

Particle  Size  Distribution 

Sieve  Screen  Analysis 

Fluid  Bed  Overflow  Materisd 

Sodium  Content 

Flame  Atomic  Absorption 

Rnal  Bed  Material 

Mineralogy 

X-R^  Deffraction 

Offgas 

O2,  CO2.  CO 

EPA  Method  3A 

SO2 

EPA  Method  6C 

NOx 

EPA  MefoodTE 

THC 

EPA  Method  25A 

^ote:  The  surrogate  composition  was  calculated  based  on  the  recipe  used  for  formulation. 
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Table  18-4 


Model  Numbers  and  Ranges  of  Continuous  Emissions  Monitors 


Parameter 

Model  Number 

Range  (%)  [ppm] 

Oxygen 

Infrared  Industries  Model  2000 

Oto  1 

Oto  10 

Oto  25 

Carbon  Dioxide 

Infrared  Industries 

Oto  20 

Oto  100 

Carbon  Morroxide 

Beckman  Model  864 

[Oto  500] 

[Oto  5,000] 

Sulfur  Dioxide 

Thermo  Electron  Pulsed  Ruorescence 
Model  40 

[Oto  50] 

[Oto  100] 

[Oto  500] 

[Oto  1,000] 

[Oto  5,000] 

Nitrogen  Oxides 

Beckman  Model  951A 

[Oto  10] 

[0to2g 
[0  to  100] 

[0to25tq 
[Oto  1,000] 

[Oto  2,500] 

[Oto  10,000] 

Total  Hydrocarbon 

Thermo  Environmental 

[Oto  100] 

[Oto  i,oo(q 
[Oto  10.000] 
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16^^  Test  Plan  and  Test  Discussion 

The  tests  were  conducted  at  a  solids  concentration  of  15  percent  cm  each  of  the  two  selected 
bed  materials.  Aluminum  oxide  and  zircon  silicate  were  used  as  primary  bed  materials. 

After  some  initial  testing,  it  was  evident  diat  the  fluid  bed  incinerator  could  not  be  operated  at 
870®C  (1600®F)  due  to  bed  material  agglomeration.  The  SO2  generation  was  so  low  that  the 
lime  injecticm  to  die  bed  became  uimecessary. 

During  the  first  day  of  tests,  all  die  tests  were  ccmducted  using  zirconia  sand  as  the  bed 
material.  Base  Case  1  (Table  18-5)  was  conducted  at  a  bed  temperature  of  645®C  (1193®F) 
using  salt  solution  alone.  Base  Case  2  was  conducted  at  test  conditions  same  as  in  Base  Case 
1,  except  surrogate  solution  was  used.  The  concentration  for  these  cases  were  about  the 
same  while  die  CO,  THC,  and  CO2  concentrations  were  higher  for  Base  Case  2  due  to  the 
combustion  of  the  surrogate  conqiound.  The  remaining  tests  were  conducted  using  surrogate 
solution  at  increasing  bed  temperatures,  the  system  operated  well  at  bed  temperature  of 
692®C  (1278®F)  and  745®C  (1373®F).  During  these  testings,  die  bed  purge  rate  was  main¬ 
tained  qiproximately  the  same  as  the  bed  feed  rate  to  maintain  a  low  salt  concentration  in  the 
bed.  The  test  results  for  the  aforementioned  tests  are  presented  in  Table  18-5. 

During  die  second  day  of  tests,  die  tests  were  repeated  using  alumina  as  the  bed  material 
The  results  were  similar  to  ones  with  zirconia  sand  as  die  bed  matwial  Defluidization  did 
not  occur  even  at  a  bed  temperature  of  804®C  (1480®F).  The  CO  and  THC  concentrations 
were  lowCT  for  alumina  compared  witii  zirconia  sand  as  the  bed  material.  Because  almnma  is 
lighter  dian  zirconia  sand,  more  bed  material  oitrained  causing  better  mixing  of  the  solids 
with  gases  improving  combustion  conditions.  The  test  results  for  fliese  tests  are  presented  in 
Table  18-6. 

Summary  of  the  Test  Results  and  Potential  Impact  on  Conceptual  Pilot" 
Plant  Design 

18.3.1  Mass  Balance  Across  the  Syst^ 

The  objective  of  the  mass  balance  applied  on  the  fluid  bed  was  to  reproduce  test  conditions 
and  ascertain  the  accuracy  of  the  test  data.  In  addition,  the  mass  balance  allows  die  calcula- 
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tion  of  nonmeasured  values,  Le.,  percoit  paidcle  entrained  in  the  combustion  off-gas.  Mass 
balance  values  for  the  steady-state  operation  are  presented  in  Table  18-7.  The  operational 
data  presented  in  Tables  18-5  and  18-6  were  used  in  die  mass  balance.  Among  other 
parameters,  the  input  of  surrogate  red  water  solution  feed  rate  and  composition,  fluidization 
air  rate  were  the  starting  point  of  the  mass  balance. 

The  feed  rates  and  the  cmnpositkMi  were  used  in  the  mass  balance,  and  CEM  values  such  as 
NOjj,  SO2,  CO,  CO2,  and  O2  were  diqilicated.  Based  on  the  values  presented  in  Table  18-7, 
the  calculated  values  agreed  very  closely  widi  the  CEM-measured  values  indicating  a  good 
mass  balance  closure  for  a  short  test.  With  a  good  mass  balance,  the  values  discussed  in  this 
report  are  considered  reliable. 

18.3^  Bed  Agglomeration  and  Bed  Material  Purge 

Defluidization  due  to  bed  material  agglomeration  occurred  for  zirconia  sand  at  a  bed 
temperature  of  772°C  (1420^  and  for  alumina  at  a  bed  t^perature  of  greater  dian  804°C 
(1480^),  respectively.  The  premature  agglomeration  of  the  fluid  bed  was  primarily  due  to 
the  low  melting  point  of  salts.  These  molten  salts  provided  a  glue  for  die  bed  material 
particles  to  stick  together  forming  balls  of  bed  material  causing  defluidization.  The  agglomer¬ 
ation  potential  greatly  increased  due  to  the  precipitation  of  additional  salt  in  die  surrogate  red 
water  solution  upon  its  exposure  to  die  ambient  air.  This  observation  was  made  during  die  2- 
day  testing. 

The  actual  red  water  does  not  contain  suspended  salt  particles.  Therefore,  it  is  recommended 
that  the  actual  red  water  instead  of  suirogate  red  water  solution  be  used  during  the  phot-scale 
testing  to  minimize  agglomeration  potential.  Also,  even  if  the  balls  of  bed  matwial  are 
formed,  a  full-scale  CBC  will  provide  greater  opportunity  for  additional  break  up  of  large 
agglomerates  compared  to  a  bench-scale  fluid  bed  incinerator. 

The  bed  material  purge  rate  was  maintained  approximately  equal  to  die  bed  material  feed  rate 
to  maintain  a  low  (1  percent)  salt  concmitration  in  the  fluid  bed  to  miniTni7i»  agglomeration 
potential.  This  mode  of  operation  may  be  uneconomical  unless  the  purged  solids  are 
processed  to  remove  salts  and  dien  recycled. 
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Table  18-7 

Summary  of  Surrogate  Redwater  Test  Results 
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If  the  circulating  bed  operating  temperature  cannot  be  increased  greater  than  1480^  to  avoid 
agglomeration  of  the  bed,  die  solids  and  gas  residence  time  in  die  CBC  may  have  to  be 
increased  to  more  than  2  seconds  to  meet  the  DRE  requirement  of  99.99  for  die  surrogate 
material. 

183.3  NO^  Generation 

The  two  sources  of  NO^  during  die  tests  were  a)  thermal  deccnnposititHi  of  NaN02  NaN03 
and  b)  organic  N2  present  in  die  surrogate  red  water  solution.  The  NO^  fonnadon  was 
^iproximately  the  same  when  salt  solution  alone  and  surrogate  soludcms  were  incinerated. 
This  result  indicates  diat  primarily  the  Na  salts  thermally  decomposed  to  NO^  and  molten 
sodium  while  a  fraction  of  18  to  19.5  percent  of  the  organic-nitrogen  converted  to  NO^. 
based  on  the  test  results,  die  emission  of  NO^  for  the  pilot  unit  will  be  69  tons  per  year  (refer 
to  attached  calculations),  which  is  well  below  the  250  tons  per  year  PSD  limit  for  new 
sources;  however,  the  limit  is  site-specific. 

18.3A  SO2  Generation 

Because  the  surrogate  red  water  and  bed  material  did  not  ccmtain  aiQ^  elemental  S,  SO2 
generation  was  due  to  the  thermal  decomposition  of  Na  salts.  At  the  mcineradon  tempera¬ 
tures,  during  testing,  NA  sulfites  and  Na  sulfates  did  not  decompose  to  SO2  significandy. 

The  SO2  formation  was  in  the  range  of  2  to  3  parts  per  million  (ppm),  and  dierefore, 
limestone  as  an  additive  for  acid  gas  absorption  was  not  injected  to  the  incinerator  during 
testing.  Based  on  the  test  results,  the  emission  of  SO2  for  die  pilot  unit  will  be  62  tons  per 
year  (refer  to  attadied  calculations). 

18.3.5  CO,  CO^  and  THC  Concentrations  in  the  Incinerator  Off-<Sases 

The  only  soiuce  of  carbon  in  the  surrogate  red  water  solution  was  3,5-dinitrobenzoic  acid,  the 
surrogate  compound;  no  other  feed  material  introduced  to  the  fluid  bed  contained  carbon 
source.  The  measured  THC  value  and  the  presence  of  carbon  in  the  bed  and  cyclone  product 
(B&CP)  indicate  incomplete  combustion  of  the  carbon  in  the  surrogate  compound.  For  all  the 
tests,  the  combustion  efficiency  was  in  the  range  of  98  to  99  percent  The  presence  of  fixed 
carbon  in  the  B&CP  may  be  due  to  the  presence  of  molten  sodium  in  die  B&CP;  localized 
pockets  or  balls  of  bed  material  coated  widi  molten  sodium  may  have  produced  inadequate 


By:  PA 

Checked:  BS/SKZ 
Approved:  PA 
Date:  07/07/95 


Bendi<Scale  Test  Flan 

rrpcE 

Knoxville,  Tennessee 
Rev.  No.  (0)  (1) 


Area  No.: 

Area  Name:  All  Areas 


Page:  7  of  8 


CX>MPANY  NAME:  IT  CoipoiatioD 

PROJECTNAME:  USAEC 

LOCATION:  Aberdeen  Proving  Ground,  Mai^dand 


mCHBCTNOj  322243 
SPEC.  NO.: 

WP:  WP1585.18 


mixing  in  the  fluid  bed.  Addidcmally,  die  absence  of  the  dynamics  of  a  very  well  mixed  bed 
as  present  in  a  full-scale  CBC  also  contributes  to  inefficient  combustion. 

18.4  Conclusions 

The  following  conclusions  were  drawn  based  on  the  bench-scale  fluid  bed  incineration  testing 
using  the  surrogate  red  water 

•  Defluidizaticm  occurred  due  to  agglomeration  at  a  fluid  bed  temperature  of  645 
to  804^C  using  zirconia  sand  and  alumina  as  bed  materials.  The  premature 
agglomeration  of  die  fluid  bed  was  primarily  due  to  the  melting  of  the  low 
melting  salts  in  die  feed  solution.  Therefore,  die  importance  of  the  bed  matmial 
was  not  realized  in  die  tests.  An  average  salt  concentratiQn  of  less  than  1 
percent  should  be  maintained  in  the  purged  solids  to  avoid  agglomeration. 

•  Actual  red  water  containing  minimal  to  ntme  salts  precqntate  be  used  instead  of 
surrogate  red  wator  solution  for  the  CBC  pilot  tests. 

•  NO^  generation  was  primarily  due  to  die  diermal  decomposition  of  Na  nitrites 
and  nitrates  while  a  small  fraction  of  NO^  was  formed  due  to  the  surrogate 
compound.  Based  on  the  test  results,  die  estimated  emission  of  NO^  for  the 
pilot  unit  is  69  tons  per  year,  whidi  is  well  below  the  250  tons  per  year  PSD 
limit  for  new  sources,  but  die  limit  is  site  qiecific.  Percent  organic  N2  converted 
to  NOjj  was  in  the  range  of  18  to  19.5  percent. 

•  SO2  formatirm  was  minimal  at  2  to  3  ppm.  At  the  indneration  temperatures 
tested,  Na  sulfites  and  Na  sulphates  did  not  decompose  intn  SO2  significantly. 
Limestone  injection  as  an  additive  for  acid  gas  absorptitm  was  not  required 
during  testing.  Based  on  the  test  results,  die  estimated  emission  of  the  SO2  for 
the  pilot  unit  will  be  62  tons  per  year. 

•  De^ite  the  poor  mixing  of  the  bed  solids  and  die  incinerator  off-gases  due  to 
agglomeration,  the  combustion  efficiency  for  all  die  tests  were  in  the  range  of  98 
to  99  pdcenL 
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19.0  HAZOP  Analysis 

Introduction 

A  hazard  and  operability  study  (HAZOP)  was  conducted  of  die  proposed  circulating  bed 
combustor  pilot  facility  to  be  initially  installed  at  the  RAAP  facility  in  Radford,  Virginia. 

The  study  was  based  on  information  dqiiaed  on  process  flow  diagram  D-OO-lO-OOl  REVA 
and  preliminary  process  and  instrument  drawings  (P&IDs)  D-20-1 1-001 ,002  REV.  A  and  D- 
50-11-001  REV.  A.  Additional  information  in  this  conceptual  design  report  pertaining  to  the 
process  operating  procedures  and  controls  were  reviewed  and  used  to  develr^  recommen¬ 
dations  for  the  study.  Material  and  chemical  hazards  from  red  water  and  other  feeds  and 
byproducts  were  evaluated  based  on  material  safety  data  sheet  information  for  2,4,6-trinitro¬ 
toluene,  sodium  nitrite  and  sodium  nitrate  salt  solutions,  and  aluminum  oxide. 

Metttodotogy 

A  conventional  HAZOP  technique  was  used  to  identify  potential  modes  of  failure,  describe 
the  consequences  of  these  failures,  and  determine  existing  design  safeguards  to  prevent  or 
mitigate  the  consequences.  Additional  safeguards  are  proposed  where  potential  failures  have 
a  relatively  likely  chance  to  occur  and  few  existing  safeguards  are  present.  These  proposed 
recenmnendations  are  listed  as  action  items  in  Table  19-1  of  diis  report.  Immediately 
following  the  action  table.  Table  19-2  is  a  detailed  listing  of  the  potential  failure  modes  (such 
as  high  temperature)  and  potential  consequences  (i.e.,  damage  to  refractory)  for  each  flow 
stream  of  die  system.  Safeguards,  such  as  high  temperature  alarms  that  are  interlocked  to 
shut  down  the  system,  are  listed  in  Table  19-2  for  each  failure  mode. 

Study  Recommendations 

There  are  40  recommendations  to  eliminate  or  mitigate  the  consequences  of  potential  failures 
due  to  control  system  failures,  wear  and  tear,  human  error,  malfunctioning  equqnnent,  and 
natural  evrats  such  as  freezing  weather.  Control  syston  failures  amounted  to  24  recommen¬ 
dations  to  consider  providing  additional  monitoring  of  control  parameters  for  system  tempera¬ 
tures,  flows,  bed  depth,  and  pH  control.  Maintenance  items  accounted  for  nine  recommen¬ 
dations  to  consider  programs  and  procedures  to  inspect  for  leaks,  develop  added  emergency 
plans  and  regulate  operations  of  heavy  equipment.  Equ^ment  failures  accounted  for  three 
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lecommendadons,  and  human  enor  and  natural  occurrences  each  accounted  for  two  recom¬ 
mendations. 

The  action  items  are  to  be  reviewed  by  IT  engineers  and  USAEC  personnel  to  detennine  what 
changes  in  the  design  and  opwating  procedures  (if  any)  are  required  to  satisfy  the  concerns  or 
recommendations.  The  results  of  this  study  are  incomplete  until  all  of  the  40  recommenda¬ 
tions  have  been  addressed.  Twenty  of  die  recommendations  are  designated  to  be  resolved  by 
rr  engineers  and  20  are  the  joint  responsibility  of  IT  and  USAEC  personnel.  To  complete  the 
HAZOP,  all  resulting  decisions  ate  to  be  entered  in  the  status  column  of  the  action  report. 
Because  the  project  design  is  at  a  conceptual  stage,  completion  of  all  action  items  will  be 
deferred  later  in  the  project  in  the  process  design  or  detailed  design  stages. 
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